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BOOK L 

On the Mechanifm of Nature j or the t^ ^natu- 
ral means in the producing ofphyjical EffeSils. 



CHAP. I. 

The Introdu&ion, Some occafional refleSiions on the preju- 
dices of pbiiofophers, Apohgy for the author^ with an 
account of his defgm Two different fyftems of philofopby 
briefly explained, 

GOD having created the world for the benefit of all 
mankind, every man has a natural liberty of en- 
quiring into the flrudure of it, and examining the 
various motions that appear in it, with their (everal depen- 
dences, drcumftances uid caufes : a ftudy highly commend- 
able, if coniidered only as an inexhauftible fund of innocent 
amufement, but worthy of a better name, when applied to 
its proper ufe : for if it be not our own fault, we may ou^ 
of the good things that are feen know him that is ; and by 
confidering the works j be led to acknowlege the power, good- 
Jie{^ and unfpeakable wifilom of the workmajler: 

A In 



2 On THE MECHANISM 

I N this inquiry, though a man may reap many advantages 
by feeing with the eyes of others, who could fee farther than 
himself, iind is gready to be blamed if he does not make 
ufe of the opportunity ; there is certainly no law that obliges 
him to keep his eyes fliut, where his own lafety and fatif- 
fadion require him to open them. The conftitution of the 
world, together with the powers, caufes «r principles upon 
which the operations of nature depend, being matters of 
fad:, and not points of fpeculation, it is evidence alone that 
can lead us to any. rational determination. 

M Y de(i^n at jwefent therefore is to colleft as much of 
this evidence, as the cafe can reafonably be thought to re- 
quire, and lay it before the publick, wkho«t any regard to 
the lyftematical reafonings, or reputed authority, of this or 
that philofopher in particular. In the profecution of this 
defign, I fliall endeavour to exprels my mind with freedom 
and impartiality, as a man ought in confcience to do, who 
has no private ends to ferve, and does not dcfire, .that the 
value of what he has written ihould be determined \sy the 
favour of his friends, but rather that his enemies, if he has 
any, would rigoroufly compare it with their own obferva- 
tion and experience. 

If we are not free from thofe vulgar prejudices. — that k 
is a great misfortune to be fingular — that the multitude 
{who hav€ been always T:hanging) muft neceflarily be in 
the right — and that the laft writer, wbo has obtained a 
name in any fubjed, is to be followed implicitly in every 
thing he has propounded ; we fliall be. afraid to enquire, ^and 
to endeavour to advance the progre(s of true and ui^ul know- 
lege, as we all profefs to do, and all ought to' do ; but iliall 
rather fall upon the fruitlefs labour of accommodating every 
new difcovery to the principles .we have, already .received, 

looking 



' Of nature. 3 

locking at the fame time with a fufpicious eye on every wri- 
ter, who with regard to any particular article would turn 
us out of the beaten track. An ancient maxim of the once- 
celebrated Thomas Aquinas — Cave ab illo qui unicum librum 
legit -— dcfcrves to be confidered by all thofe, who dare not 
venture abroad in queft of truth, but behind the back of 
their tutor : in which fituation, they may poffibly fee fb 
much of himy as to be able to fee nothing elfe. 

It will readily be granted, I fuppofe, that fuch a pradHce 
as this is very childifb and abfurd, provided the obfervation 
be applied only to the prejudices which once reigned in fa» 
vour of Arijiothy Des-cartesy or the Chymifis : yet it fo hap- 
pens, that if an . author comes home to his own times, and 
ventures to look into any of the pretenfions of the prefent 
age, he is in danger of being ai&ulted by all that meet with 
him ; and generally with the greateft vehemence by thofe 
who are the moft fuperficial in their knowlege. 

Th 1 8 confideradon, I frankly confefs, hath (bmetimes had 
fo much weight, and appeared fb formidable to me, that I 
have been altaoA tempted to throw my p«i into the fire, 
Tather than employ it againft any current opinion. A fin- 
cere love however of the feience of nature, and a confirmed 
perfuafion both of its ufefulneis and its importance, ought 
to prevail againft tbefe dijfficulties ; and they have prevailed 
with me, to try, in the firft place, if I can dilpel fome of 
that learned darknefs with which the fubjeft has bcai over- 
ipead, and c^n the way to a better underftanding of it. 

And here I cannot but reckon it a great advantage td 
truth, thcmgh it is none at all to myfelf, that in perufing 
the following iheets, the reader is in no danger of being 
4a2z]ed 6r mifled by the influenee c^ a namt fo inconfider- 
kbie^as thai€ of the author j who has no popular prejudices 
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On the mechanism 

to appeal to, and cannot exped to be heard upon any con^ 
iiderations, but the importance <^ the matter, the clearneis 
of the fads, and the flrength of the arguments, he has to 
propofe. 

Wh y this attempt (hould give offence to any peHbn, he 
cannot well imagine. For if we divide the world of philolb- 
phers into two parties, fome <^ whom are influenced by an 
undiflembled zeal for the Chriftian faith, while others are 
not a(hamed to declare that they have no religion at all ; 
the former, I -preiiime, can have no good objedion to any 
phyfical difquidtion, wfaidi is conduded with fubmifHon 
and modefly; it being impofltble that true religion and 
true philofophy fhould be at« variance; becaufe He who 
creatol all thofe works, which are the proper objeds of na- 
tural -philc^phy, was alio the author' of divine revelation-; 
and God is not divided againft himfelf. And unle^ it were 
in my power to point out fbme particulars, in which this 
difquiHtion may prove to be (^ iervice to religioQ, I fhould 
be able to give but a pocn* account of thofe many hours, 
which I have been obliged to borrow from that profefCcm 
and fludy, to which the providence of God hath more im- 
mediately called me. As to the latter, they I think who are 
fo forward to teU us, they have rejeded all human autho- 
rity, and can think freely in matters of religion, . will not be 
very confiflent with themfelves, if they are angry with me 
for thinking as freely in matters of philofi^hy. 

Th 1 s ought to be remembered likewife for the fatisfadion 
of all parties, that if the method of explaining natural ef- 
feds, now in vogue amongfl us, be eflablifhed on fuffident 
proof, or rather, as it is commonly reported, on undeniable 
demonftration ; all that I fhall oocafionally ofe againil it, 
though it may puzzle Ibme fuperfictal readers unacquainted 

with 
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with the fubjed:, will not weaken it in the opinioa of &nj 
man of true learning and judgment. If it be not eftabliihed 
on fufficient . proof, what harm will there be in difbelieving 
it ? we (hall then be at liberty to turn our thoughts another 
way, and may be looking out with ibme better profped: of 
fuccefs. And as it appears, to me at leaft, that no Phyfical 
£ffeB is really explained or underilood, unleis it is deduced 
from a Phyfical Caufey the exifknce and operation of which 
can be experimentally demonftrated ; I fhall humbly endea* 
vour to £hew, that the modern philofbphy, although it has 
carried natural knowlege to a great -height in fome refpeds^ 
can fumiih no found arguments or real objedions againft 
the mecbamfm of the natural world ; and that in every duDg 
it has .advanced againft this mechanifm, it doth itfelf pro- 
ceed upon fuch principles, as are arbitrary, and un&pported 
by any evidence that is truly philofophical or {jiyfical» 
Thefe I know are very bold affertions ; but if the reader 
will: only prevail with himfelf to -bear with me for a while^ 
aiidrhave a little patience, he may perhaps £nd fome rea> 
ibnsj more confiderable than he is aware of, for being of the 
lame opinion. 

- Every i:icribn, who makes ufe of his ienfes, muft needa 
be convinced, that the matter comprehended within this vi> 
fible world is full of motion ; and the learned have very 
greatly doubted, by what means, and after what manner,, 
this motion is fupported and preierved. Some of them, ac- 
cording to their own accounts, begin with the two princi- 
ples of matter and a void /pace. To their matter they .give 
this capital Law, that if once moved, it fhall continue in 
motion, becaufe it has no power to fiop itfelf. Thus they 
elude the necefHty of providing any phyfical caufe for the 
CQQ&nratioo ^of motion, and iave themfelves all that trouble, 
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6 On the mechanism 

which they might otherwife have in fearching after it. Then> 
from the principle of a vacuumj or {pace void of all fendble 
matter, they propofe the two following advantages ; that a 
body will have room wherein to move, and that being once 
fet a going, there will be nothing in the way to obftniA or 
diminilh the quantity of its motion. 

I N this manner they account for the continuance of that 
motion which is redHlinear : but then for the producing of 
other motion in curves and compounded dire^ons, with 
which nature is oblerved very much to abound, they (up* 
pole an emiflion of immaterial virtues or forces, -propagated 
through their vacuum imra. one parcel of matter to another 
fer :diflant fix)m it. Thefe virtues are of two forts : by thtf 
one; of them, one body is fo affeded by another, as to 
ht, drawn nearer to it; by the other, it is cauied to recede 
fto/n it : and neceffity requires upon fome occafions, that 
the fame parcel of matter be allowed, and that in all its 
component parts, to have both thefe powers, though con'«' 
trary ,to, and deftrudtive of r one another. The names by 
which they have been diftinguidied in different ages are «%3pei 
and (piAkt, love and hatred^ fympathy and antipathy ; and 
now they pals current under the fafhionable terms of attrac- 
tion and repulfion. But I prefume if we were to call them 
a pulUng without any hold, and a pujhing loithout totichiug, 
we fhould defcribe all the fenfe they have, as well as diftin- 
guilh one from the other. How or whep thefe qualities 
came into the world, and what. they, really are, this fort c^ 
philofophy thinks itfclf not concerbed to declare ; but onlv 
to affirm that there are fuch; and if prefTed either widi 
difficulties or. abfurdities, has this to offer in its defence, that 
the world is over-ruled by a fupreme intelligence, which can 
ad in any manner^ and which appears fromribmc obfenradons 
XoLzSi. in this manner. These 
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These arc fomfc of the out-Knes of that cofmographical 
fyftem, which was taken up, and cultivated with all the 
geometrical fkiil of the great Sir Jfaac Newton ; who, as an 
honourable author has truly obferved of him, " was made 
** by nature and inclination for mathematical ftudies." * 
MoA of our celebrated inathematiciahs^ who are led by ^ 
natural bent to a like method of reafoning, are confident, 
that he has transfufed into phyfical fubjeds the certainty of 
geonoetrical demonfbation. Hence they tell us, he has fe- 
cured his philofopby from the hazard of being diffrwed ; and 
have accordingly befpoken all the difcoveries that fhall hap- 
pen to arife in future ages^ which, it feems, are to cm^ 
firm and enlarge his doBrines^ but can never refute them. '\- 
Whether the caie does in all poiirts come up to their de- 
icription of it, we fhall be better able to judge, I hope, frc»n 
the contents of the following fheets. 

Ot H B R philofc^hers there are, who believe the frame of 
nature to be a perfect and well-ordo«d machine : in other 
wdrdsy . that the viiible jyftem of the world, created, dif- 
po^, and fet into motion by the iin^ of God, ads as a 
madune does; a conne(9:ion and communication being pre- 
ierved between all the diftant parts of it ; for if you inter- 
nq>t the conta<Si: of a machine, you deftroy its motion in all 
thoife^ paxts from which the conimunicdtion is cut off. More 
particularly they ailert, that the Ibid setherial matter of the 
heavens ads by impulfe on the fblid matter of the earth ; is 
iaftrumental in every one of its productions ; and neceflary 
to all the flated phoenomena of nature. Hence they divide the 
elements into aBive and paffwe^ not that they are fuch by any 
inherent or ejfential difference, but that according to the or-* 

• See the life of Dr. Joim Ncrth. p. 260. 

f' See MitiUtfiM'* Accoin^ ttf Sir I/mk Nru>t»ii*»- Diftoiwries. 
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8 On the mechanism 

der eftabliflied by the divine archited, they are obferved to 
Tubflft undier thefe difFerent relations. 

This fort of philofbphy cannot pretend to be new. Cer- 
tain it is, that all the defcriptions and alluiions in xht /acred 
writings agree to fuch a fcheme of nature rather than to 
any other. And that the mod ancient heathens were in pof- 
feffion of this knowlege, I fliall take occafion to fhew, 
before I finiQi what I have to lay upon this fubjedl. When 
it was in their hands, the aEOve elements had a principle of 
intelligence alcribed to them, and were taken for the Gods 
that govern the world. But with thofe who are taught, that 
the true God is diftiniSb from and above the world of matter, 
though virtually prefent in it by a providential infpe£lion 
and fuperintendence, it will only lerve to inlarge their ideas, 
by letting before them the vifible evidence of that divine 
wifHom, which, with fb exquifite a contrivance, and fuch' 
a {implicity of defign, hath adapted phyf^cal caufes to the 
production of their relpe<^ve efFe<^: it will introduce them 
to a knowlege of things^ ihftead of leaving them to founder 
in a let of hard words^ which as I (hall hereafter fhew 
have not yet been defined, nor ever can be fo long as the 
world lafts. 

Something like to this was attempted in the lafl century 
by Dei-cartes: but his method of deducing the knowlege 
of phyfical caufes a priori was very exceptionable. He was 
fo fond of being thought an original, that although an uni- 
verfal fictile . matter docs certainly exift, he ftated the cafe 
in fuch a fafhion,- as to render it fufpe<9ted ; and having af- 
figned a motion to his elements not agreeing with experi- 
ence, and fuch as cannot be n^de fenle of, fo long 2t& Kep-. 
lers law is admitted, his hypothecs was eafily brought into 
difrepute. Many of the learned, however, in other countries 

do 
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ftill endeavour to make the beft of it; rather becaufe all 
experiments fliew them the abfurdity of a vacuum and the 
infufficiency of attradiion *, than that they believe the fyf- 
tem of their mailer to be abfolutely perfcd. And here let 
liie obferve by the way, that where nature is the fubjed: of 
inquiry, no error can be more unfortunate, than that of rea- 
Ibning a priori. Men have no right to affume the charader 
of lawgivers to the works of God, but muft be content to 
borrow from them all the laws of their own philofbphy ; 
and till they will condefcend to do this, there can be no- 
thing but:u{ele{s wrangling and difpute, even in regard to 
firft-principles and fundamentals. Des-cartes was of opinion, 
that the world is directed by fome fubordinate and mecha- 
nical cauies. In which he feems to have been right only by 
accident ; for as to the kind and quality of thefe cauCes, he 
feiarched no farther than his own brainy and neglected thole 
undeniable phcenomena, with which his caufes are not. to be 
reconciled. 

^iKjfaac Newton, on the other hand, was very diligent in 
ftudying thole phcenomena, which belong chiefly to the clafs 
of natui^l effe£is\ in the adjufting of which he makes a great 
figure; but unhappily folves the whole government of the 
crea^^d world by a nofirum, which hath never yet been un- 
derftpod ; and in the application of which, he was not very 
donfiftent with himfelf, as we Ihall find hereafter. 

The followers of Newton and Dei-cartes, having thus ad- 
mitted fbmething which is arbitrary in the very foundation 
of their fchenves ; we can never expedb to fee their difputes 
brought to any ifTue, fb long as there are men equally learn- 
^ed; and ingenious on both fides to perpetuate themi 

• Coarult De Gamachet Aftron. Phyf. p. 348 &c. Regnault. Entret. Phyf. Vol. 3. p. 322 
&c. Banieres. Examen. p. 28. & alibi paff. Le Plufiht. Hift. of the Heavens. Book 2. C. 10. 
As for the Abb* NelUt, he refers as for his fentiments to the Abbi le Plu/cht. 
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lo On The MECHANISM 

While thefe able philofbphers are contending with each 
other, ibme in the puifuit of fame, and others in the purfuit 
of truth, without being able to agree where and with whom 
it is to be found, I fhould not dare to interpole in fuch a 
fubjed:, unleis I fufpeded natural philofbphy to be a much 
eader thing than they have made of it ; and fuch, as a plain 
mallti, who only confults the proper evidence, and pretends 
to no more wiidom than the reft of mankind, may be able 
to ftrike ibme light upon. This however cannot be done in 
fuch a manner as to be attended with any good effed, till 
it is firft determined, whether the operations of nature are 
immediately owing to mechanical caufes ; or whether they 
are ccHiduded after a manner unknown to us in empty 
ijpaces. Thole who aflert the latter are fuppofed to do it 
with danonfiration on their fide. It would be vain therefore 
to de(cribe the mechanifm of the world, and defcend to the 
confideration of any particular efFedts, fb long as ev^ the 
general method of folving effe<Sls by the oneration of mecha> 
nical agents is thought to be an abfurdity. This miethod 
of philofophiiing is the very thing, againft which, ibme of the 
demonftrations, that have gained moft credit with the learn- 
ed, ^e diredly levelled : and the writings of our modern 
reafoners, whether metaphyficians or mathematicians, are 
ftored with objedHons, not only againft the reality, but even 
the poflibility of a mechanical agency. To thefe their ob- 
jedtions I ftiall now addrefs myfelf particularly, and endea- 
vour to fhew, that not one amongft them all is <rf^ any force. 
As to their prejudices^ I do not undertake to remove them : 
but leave it to time, and a farther knowlege of things, to 
wear oft* all fuch impreftions as will not bear to be reafbned 
with. 

CHAP. 
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CHAP. II. 

A reply to tin principal objeSiions in Dr. ClarkeV Letters ta 
Mr. Leibnitz. 

IT will be allowed me, that the celebrated Dr. Samuel 
Clarhy when he undertook to defend the Newtonian 
philosophy a^ainft Mrr LeihnitZy an able CarteJiaH, under- 
nood what he Was difputing about, and hath faid the bed 
that was to be iaid upon the occafion. If this (hould give 
but little trouble, we have not much to fear from any body 
elicr He has brought together feveral arguments a^nfl the 
dodlrine of a general mechamfiEn in nature ; the firft of 
which, if- it c^ be called an argument, coniifts in barely 
averting the impoffibility of it. Certain portions of mattery 
(ays he^ are obliged to follow each others motions by an adhe- 
fim- of pdttSy 'ixthieh no mechanifm can account^ for, * 

Now that the parts of bodies are made tb adhere toge- 
ther, and fbme of them very ftrongly, is an undoubted mat- 
ter of fa^; that no mechanifm can acc-otmt for this, or that 
it iranobt be- occaiioned by the a^ion and ppeflure of fome 
meehameal agent y is what I>. Clarke ou^ to- hAve proved: 
inftead of 'Which, he tak^s it lor grant^ ; knd would put 
the labouring oar into the hands of his adverfaries. For j 
having mentioned this opinion qf Mr. LeibnitXy that the con- 
tiniiation df motion in the heavenly bodies, the formation 
of placets, &e. vare meehs^nical operations: whoever y &ys 
he, entertains this opifUony v> / think^ obliged in reafon -io 
be able to explain ^tifxA&tiyy by what laws of mechanifm 

* CoUcAion oif papers between Nfr. ttiiinhx and Dr. Clitrli; p. 363. 

B 2 the 



m^ 



I 



} X 



i6 On the mechanism 

or depend on the adions of a material agent. So far as we 
are able to judge from what appears to us, the circulation 
of the blood, and alt the animal fundions, are fuftained and 
carried on by an internal heat, which keeps the blood fluid, 
and by the external air prefling into the lungs. Theie ferve 
as a pump to draw the blood from the heart, and the air 
keeps this pump in motion. Thus the air is to the body, 
.what the weight is to a clock; while the heart, with its 
valves, performs the ofiice of a pendulum^ to gauge and re- 
gulate the circulation. What I have here faid in few words, 
might be confirmed at large from the obfervations and ex- 
periments oi Swammerdatny Bartholine^ \^t. Hales ^ and others. 
Were the theory of animal motion to be ftated for us, as that 
of the planetary motions abovementioned, this author (hou Id 
have fet. us to account mechanically for the motions of a 
living animal from the example of a dead one ; the motion 
of the planets, in unrejifting fpaces^ being jufl as unphilo- 
fophical, and as hard to accoimt for, as the circulation of 
the blood in a dead corps. 

I M* A Y obfcrve, upon the whole, that the way of realbn- 
ing Dv. Clarke hath chofen upon this occafion, can do no 
fervice to any caufe whatfoever. His defign is plainly this 
— to throw fome difficulties in the way, and then lay the 
foundation of his own philofbphy in that ignorance which is 
common to us all. For fuppofe we are not able fully to ac- 
complifti the tafk he has impofed, and give fuch a mecha- 
nical (blution as fliall be adequate in every inftance; muft 
it be allowed, that there is no mechanical agency, till we 
are able to explain particularly how every one of its eflfeds 
are brought to pafs ? There may be in nature a thoufand 
examples of a mechanical agency, where the particular man-- 
ner of it hath not yet been difcovered, nor the fubjeA per- 
haps 
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haps ev6r exatiiitied with fuch a view. And in fbme cafes, 
I fuppofe, the contrivance of an ohinifcient artift may, af- 
ter all our labour, be above the reach of human obfervation : 
unlefs the mechanical fldll of God and man muA neceflarily 
have the fame limits. 

To build a philofophy on thefe cafes is to begin at the 
wrong end. The ofaly courfe that can promife any tolerable 
fucceis, is td fet dut with the cafes that are well underftood; 
and thence argue by analogy, to fuch as are more remote, 
and difficult 6f accefs. But to begin with the things that 
are unknown is thfe way to create difHculties where there 
Were none before : and as we (hall mofl probably try to 
make things of a piece, our ignorance there will dmufe it-^ 
felf univerfally, and give a mixture of darknefs to the know- 
lege we had already obtained. 

Dr. Clarke % manner of objeding doth alfo give me a 
fair opportunity of turning the tables upon him ; and that, 
as I am inclined to think^ very much to the diferedit of all 
his realbhing. For if it be true, that he who maintains 
the mechanOm <^ the creation, is obliged in reafin to be able 
to explain all effe^ in that way, and (hew how every thing 
is performed mechanically ; then it muft be equally true, 
that he who maintains the contrary, and rejeds the notion 
of a general mech^nifm, is obliged in reafon to fhew, that 
nothing \& performed mechanically. For if it can be (hewn, 
that mechanifm prevails in any cme inftance, it will lead us 
t6 conclude, that it muft prevail in every other; upon a 
bare prefuthption, that nature has a wife author at the head 
of it, and is governed by confiftent laws, not by fuch as 
a#e capricious and contrididory. The wifdom of God will 
be uniform in its operations 5 and if it works with natural 
means in fome cafes, and we can be well aiTured of it, I 
' * C may 
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may venture to fay, it does not work without them in any ; 
thofe only excepted, wherein the eftablifhed oeconomy of 
the world is interrupted by fbme immediate aft of divine 
power, or a miraculous interpofition. But thefe are more 
properly the fubjefts of divinity, than of natural philofbphy, 
which confiders nature as it isy and in its regular courfe ; 
not as it may happen on fome certain occdio^, and for 
fufficient reafons, to be thrown out of its courfe. 

To argue from the abfolute power of God, exclufive of 
his wsfdotfty and that he is able to ad: 'by the unmechanical 
forces of attraBion &c. would but ill become thofe, whole 
proper bufinefs it is to fhew how things are done, not how 
they might be done. Without doubt, it would have been 
poflible with God to have given man the fenfe oifeeing^ on 
very different principles from thofe at prefent eflablifhed. 
The power of God wants not the mediation of light, to con- 
vey to us a perception of diftant objeds; but his wifdom 
hath been pleafed to make ufe of this fluid medium, as the 
natural inflrument or phyfical caufe of vifion. The eye is a 
compleat piece of optical machinery, perfeftly analogous to 
a camera obfcura. The chryjialline humour ^ lodged near the 
protuberant part of it, is a double convex lens or magnifying 
glafs ; the pupil anfwers to the hole in the window-fhutter ; 
the Iris is a moveable curtain, to enlarge or contract the 
pupil fo as to admit a proper quantity of rays ; it anfwers 
the fame end as the aperture in a common telefcope ; and 
the retinay which is an expanfion of the optic nerve upon , 
the back part of the eye, is the fheet, upon which the images . 
of the objefts are properly coloured in miniature. What oc- , 
cafion for all this apparatus^ when fbme quality with an 
hard name might have anfwered the end as well ? 

Is 
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' I s not this alone fufficient to convince us, that the wif- 
dom of God hath chofen to ad with natural means ; that 
is, with the inftrumentality of a fluid medium, and matter 
properly arranged to receive its impreffions ? If this is done 
in one part of the body, my realbn will be fuggefting to me, 
it is done in all\ that as the optic nerves are adted upon by 
a material medium for the purpofes of vilion, fo the lungs 
muft play, the heart beat, the blood circulate, and life, fenfe, 
and motion, be kept up throughout the whole human frame, 
on the fame plan of mecbamfm. 

And if the body of man, which many philofophers 
have confidered as a lefler world, be of a piece with the 
greater, as the fame way of reafoning, if carried forward, 
will incline us to fiippole ; the motion of that too is kept 
up by natural means. The fame fluid medium that gives 
motion to the lungs, or fight to the eye, may cpnduft a 
planet in its orbit, and produce all the various appearances 
that have ^len under the obfervation of the moft induftri- 
ous naturalifl;. As there are no vacuums, no attradions, 
no repulfions in the human frame, but all is carried on by 
the impreflion of material forces^ there is n6 reafbn to con- 
clude diat thefe imaginary principles ( for fuch I fliall prove 
them to be) prevail in the planetary regions; but rather, 
that all chings are condudted' by a Uke method even there 
alfo. ' ' 

The parallel now before us will ferve to detedb the weak- 
nels of that common argument againfl a plenum, and a me- 
chanical agency, which is drawn from the doArine of rejifi- 
ance. Some learned men are of opinion, that if the fyftem 
of the world were full of matter, a planet mufl: very fbon 
lofe its motion. But this argument will make a very indif- 
ferent figure when applied to the human body. There, I 

C 2 think. 
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think, we have a plenum undifputed ; and the blood) once 
in motion, is refifted by every artery in the body ; the fum 
total of which refiftance, as Borelli * has computed it, is 
almoil incredible. He makes it equal to i8o,QOo/^. Yet 
this itrooluntary motion continues without any diminution 
of it's velocity, till the machine is quite worn out, or till 
the providence of God is pleaied to put ^ ftop to it by fome 
fhorter method. 

Can any man think he impofes an unfurmountable difn 
ficulty upon God, becaufe he can prove, that the fluids of 
the human body mufl meet with a refiftance to their mo> 
tion ? Mufl the frame of man be turned into a vacuum 
upon this account ? the fad itfelf is a fufficient anfwer to all 
fuch pHTCtences. And if the blood is not flopt in its circu-<> 
lation by the refiflance of the foUds, why fnould the refifl>t 
ance of a fluid flop the circulation of a planet ? for doubt-« 
lefs, if the divine wifdom hath contrived a way to overcome 
this reflflance in one inflance, it may in another ; and the 
argument for a vacuum, deduced from the. n&ieJIity for fuch 
a thing, will be very weak and inconfequendal. But of this^ 
more hereafter. 

To induce us wholly to give up the a£fair of mecbawfm^ 
the author <^ the papers agaipfl Mr. Leibnitx has added 
the following conflderation. " That things (fays he) could 
" not be at Jirfl produced by mecbanifm^ is expreflly allow-* 
<* ed : and when this is once admitted, why after that fb 
<< great concern fhould be fhewn to exclude Gods aSiual go- 
^^vernment out of the world &c. I can no way con-» 
« ceive." f 



* De Mot. Animal. P. II. prop. LXXIII. f Ibid. p. 365. 
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We have an ambiguity here in the terms, which ought 
to be removed. For if \>y produced he means created^ no fober 
manj I fuppofe, will diipute that point with him ; it being 
certain, that creation was no work of mechanilm, but a pure 
a6t of the will and omnipotence of the creator. If by pror: 
duEiion^ he means that formation of terreftrial fubftances, 
plants, and animals,, which was fub£equent to the adt of 
creationy it is certain, that in that formation and dilpofition 
of God*s works fbme material agents were employed, even 
the i&me that operate to this very day. The natural agency 
now in difpute, was the firfi article God thought proper to 
iettle in the di^ofition of the world : air^ Ughty and the 
firmament of heaven^ were firft prepared and put into ac- 
tion : after that the formation of all other things followed 
in their proper place. 

I p Dr. Clarke could have fhewn, that trees and plants 
were made to grow before there was any light or air to be 
inflrumental in the procefs, he had done fbmething to the 
piu^oie: but as far as we can learn, his fcheme of philo- 
fophy agrees no better with the origin of nature, to which, 
he here appeals, than with the prefent frame and conftitution 
of it. 

A s for excluding God's government out of the world^ if 
that was the defign of Mr. Leibnitz, he muft an(wer for it. 
But it can never follow, that if z-fecond caufe be interpofed, 
the firfl caule is for that reafon excluded : no man would 
be Ick weak as to affirm that; becaufe ^vtxj fecond caufe, as 
fuch, mufl depend upon the firfi. The author therefore has 
thought proper to call it an aSiual government ; which 
mufl mean either immediate or real. If he maintains, that 
the agency of the divine eflence is immediate in the produc- 
tion of natural efFeds, which, in the judgment of fome, is 

the 
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the grand arcanum of the modern mathematical philofbphy, 
it is incumbent upon him firft to prove, that no fecond 
caufe, created eflence, or material agent is fitted for the 
purpofe ; which inftead of being proved is hitherto taken 
for granted. . If he means, that the real government or 
providence of God is excluded ; neither will it follow, that 
his government is le& real^ becaufe he rules the world by 
natural caufes under the diredHon of himielf the fupreme 
caule. If this be a neceflary confequence, the Icripture it- 
felf is chargeable with it ; and where it inftru^fls us, that the 
fun is made to rule over the day^ it muil infinuate, that the 
providence of God does not rule over the world. 

When we fpeak of mechanical caules as doing any thing 
in the world, Dr. Clarke will immediately take us up, and 
conclude they are to do it of themfehes *, indejpendent of 
the divine power and wifdom ; which opinion Mr. Leibnitz^ 
with whom he was difputing, had exprefHy diiclaimed. For 
my own part, I adhere only to the matter offaSl ; and that 
1 know will bear me out againft all the metaphyfical fubtil- 
ties in the world. But if the reader fhould be diftrefled with 
any doubts in this matter, only let him remember that mat> 
ter adls upon matter, not by an ejfential bu£ a mechanical 
power i. e. by its motion : for in the natural, as in the mo- 
ral world, we hold that there is no power but of God. If 
this diflindion be attended to, all that has been fb induAri- 
oufly written in defence of immaterial impulfes in a meta- 
phyfical way by the author of the enquiry into the nature of 
the human foul^ falls to the ground without any particular 
confiitation. 
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CHAP. III. 

An Anfwer to a fhyfical objeSiion from Sir Ifaac Newton. 

IM E E T with A third objedion, which may be properly 
termed a phyfical one, and deierves a particular confi- 
deration. " I have explained ( fays Sir Ifaac Newton in the 
fcbolium generale at the conclufion of his principia) " the 
" phcenomena of the heavens and fea by the force of gravity 
" — which adls, not proportionably to the furfaces of the 
*^ particles it ads upon, as mechanical caufes ufe to do, but 
** in proportion to the quantity oifolid matter.^* The fame 
thing is Ibmewhat differently exprefled by Dr. Clarke^ in 
his notes on Robault\ phyfics. " There are innumerable phoe- 
" nomena of nature, and efpecially that principle of grofoi- 
" tation in all matter, which cannot poflibly arife from the 
^^impulfe of bodies; for all impulfe is in proportion to the 
** furfaces j but gravity is always anfwerable to the quantity 
** of fblid matter ; therefore gravity mufl be attributed to 
" fbme caufe which can penetrate the inmofl fubflance of 
« folid matter." P.I. c. 11, &r 15. 

A perfbn who is tolerably converfant with the writings of 
Sir IfaaCy would naturally apprehend, that this afTertion of 
Dr. Clarke is not confiflent with them. He has plainly de- 
clared, that "what he calls attra&ion may poflibly arife 
"from impulfe" "Dv. Clarke on the other hand affirms, 
that the fame attraEiion of gravity cannot arife from impulfe^ 
though Sir Ifaac^ whofe philofbphy he was defending, haft 
granted the poflibility of fuch a thing. There mufl either 
be a flat contradiction between them, or fbme diflindion is 

wanted 
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wanted with regard to the word impulfe^ for the clearing 
up of this difficulty. The fecret then lies here; the im- 
pulfe which Dr. Clarke denies,, is corporeal impulfe, and 
fhould arife from the adion of fome impelling matter: 
whereas that which Sir Ifaac Newton allows, is incorporeal^ 
if his Commentator Dr. Clarke^ who muft be fuppofed to 
have known his mind, has not mifunderftood him ; for thus 
he has expounded the pafTage — fieri fane potefi ut ea efi- 
ciatur impulfu (non utique corporeo*) " It may be, that this 
** (attraction) is the efiedt of impulfe^ but this impulfe is not 
" corporeal r 

The confequcnce which every intelligent reader will draw 
from this doftrinc of incorporeal impulfesy gave Mr. Leibnitz 
and others. occafion to charge the Newtonian hypothefis with 
the impiety of making God the fi)ul of the worlds as the 
heathens of old did. But this matter is not now before me : 
our bufineis at prefent is to confider the force of this objed:ion 
fo far only as it is phyfical. It is in fad no more than this — 
mechanical caules u(e to ad in proportion to the furfaces ; 
but the caufe of gravity ads in proportion to the quantity 
bf folid matter ; therefore that caufe cannot be mechanical. 

Thus much is certain, that every mechanical cauie, 
which is not fubtile enough to penetrate the contexture of a 
folid body, will be ftopt at the furface ; and the adion or 
force of fuch a caufe will be proportionable to the furface. 
If there were in nature no other mechanical caufes, but fuch 
as ad upon the furface, and it could be fairly made out, 
this objedion would be unanfwerable. It ought to have been 
proved, that there really are no other; at leaft it fliould 
have been attempted : yet as far as I can find, it hath not ; 
and I think it never will be for the two following reafons. 

• Vbi /ufra. 

First, 
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First,, becaufe there may be in fome cafes an impelling 
matter, which is too fubtil for the obfervation of our bo- 
dily fenfes : and to conclude that there can be no material 
agency, where it does not difcover itfelf to the organs of the 
body, is rather too hafty. If the parts of man's body were 
of the fubftance of iron^ and put together in the fame man- 
ner, he would probably feel the caufe of magnetifm^ as 
plainly as he now perceives the heat of the fun's rays, or 
the blowing of the wind againfl his face : but then it would 
be of fmall ufe, to lofe the motion of the joints, and re- 
ceive a polar diredion in the body, merely for the fatisfac- 
tion of feeling, that the caufe of magnetifm is material and 
mechanical ; which perhaps may be difcovered, to as much 
fatisfadtion, by a more advantageous method. 

M Y fecond rea(bn for believing that we are to expedl no 
proof of this negative comes a little clofer to the point ; and 
it is this, that the oppofite affirmative is evident from a great 
variety of experiments ; there being in nature fuch mecha- 
nical caufes, as are able to penetrate the (olid bulk of bo- 
dies, and whofe action extends to every tingle particle of 
which they are compofed. The rays of light can pafs as ea- 
fily through the folid fubftance of glafs, if not more {o^ than 
through the open air : and it is plain, their eiFedl on bo- 
dies is not regulated by the exterior furfaces, becaufe an 
hollow bubble of glafs hath the fame exterior furface, whe- 
ther it be empty, or filled with water ; yet the light is well 
known to take a different courfc through it in thcfe two 
cafes. If a leaf of gold be held up between the eye and 
the fun's rays, they are not ftopt by the furface of it, as a 
blaft of air would be, but pafs its fubftance with great cafe, 
and appear as a beautiful green colour on the backfide of 
the leaf. The electrical fice, when put in motion, will pals 
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off in a ftrcam through the denfeft bodies, and can penetrate 
the inmoji fubfiance of their folid matter : the influence 
therefore of fuch a material cauie will neither be confined 
to the furfaces, nor be proportionable to them : and I am 
willing to think, that if Sir Ifaac had lived to (ee feme 
wonderful effeds of this fluid, difcovered for the moft part 
fince his death, he would have enlarged his notions very 
much with regard to the natural power and extent of me- 
chanifm. . 

There is hardly a motion in nature, which this fluid, 
when applied by a diligent experimentalift, is not capable 
of producing. It will give a reEiilinear motion in all di- 
rections ; will produce the motions of rotation and revolu- 
tion, as a common fire will alio do. It will keep a body 
fufpended at a certain diflance in the air, without any vifi- 
ble caufe, and make it turn fwiftly on its axis. It will ac- 
celerate vegetation, increafe the motion of the blood in the 
arteries, raifc water into tides ; and in a word will (hew 
itielf, as a natural injirument^ to be little Ids than all-fuf- 
ficient. Again ; common fire is a fluid, whofe impulfe 
reaches to the folid parts of bodies. A folid ball of iron will 
conceive a greater quantity of fire, and be longer in parting 
with it, than an hollow fliell of the iame diameter. Water 
is enlarged in its dimenfions by the entrance of fire into it ; 
hot water being fpecifically lighter than cold: and it is en- 
larged fo equally throughout the whole iubftance of the 
fluid, that it is certain the fire muft agitate every one of its 
folid particles, and by prefling againft them in all diredions, 
remove them farther afunder. 

From thefe and many other experiments open to com- 
mon obfervation, it mufl: appear to every unprejudiced phi- 
lofopher, that nature is furniflied with a mechanical caufe, 

whofe 
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whofe adtivity is not confined to the furfaces of bodies, but 
extends to their conftituent parts, that is, to their quantity 
of f olid matter. 

Th E fagacity of Sir Ifaac Newton could not well over- 
look this ; and he feems to have apprehended fuch a thing, 
having affirmed no more, than that mechanical caufes ufe 
to ad in proportion to the furfaces : but unlefs they always 
do fo, by a neccflary and invariable rule, the inference, that 
gravity cannot be the effedt of fuch a caufe, is of no force 
at all. And there is good encouragement to think, that 
gravity not only may be the efFedb of a material caufe, but 
that it really is fo ; and that this caufe might poflibly be 
pointed out, and proved by experiment, ^t I muft re- 
member, that I am not now accounting for the difficulties 
in natural philofophy, but only removing thofe objections, 
which lie in the way to a phyjical folution of them. 

There is 2LphyJico-mathematical ^LVgMm^vit of fome weight, 
which ought to be coiifidered, before I conclude this chap- 
ten It hath been obje<5led, that gravity cannot be owing 
to any mechanical caufe, from the manner in which fuch 
caufes are obfcrved to produce their efFe<9:, 

Thus, for example, when a fhip is put in motion be- 
fore the wind, the ^velocity of the wind, with refpe& to the 
fhip, will be lefs when the fhip has acquired Jome motion^ 
than when it was at reft ; therefore the accelerations in equal 
moments of time will be unequal. After the firft impulfe, 
the acquired velocity of the body will be fubdiiding more 
and more from the relative velocity of the fluid ; on which 
account^ the accelerations in equal times will be lefe and 
lefs, till the refiftance the body meets with in its motion, 
becomes a ballancc to the force that moves it ; at which point 
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the accelerations wholly ceafe, and the fhip thenceforward 
goes on with an equal pace. 

This, it muft be confefled, is very different from the 
manner in which the caufe of gravity produces its effect : 
for this caufe, whatever it may be, aSis incejfantfy or conti- 
nually., and with the fame force upon a body that is already 
in motion^ as upon a body that is at refi ; which appears from 
hencey that it produces equal accelerations in falling bodies in 
equal times, * 

This property of gravity is manifeft from fome abftraded 
mathematical reafoning, which Galilao confirmed by expe- 
riment. If a body fhould continue to fall during the fecond 
moment of time, with the velocity it had acquired at the 
end of the firft moment ; it ought to fall twice as far in the 
fecond moment, as it did in the firfl. But it is obferved to 
fall thrice as« far : therefore it has derived from its caufe in 
this fecond moment, another third quanti^ of motion, equal 
to what it derived from it in the firfl. And this law it will 
continue to obferve in all the fucceeding moments, Co far as 
human obfervation is able to follow it. 

According to the received principles, this argument, as 
here flated, bears very hard upon the mechanifm of gravity. 
What I have to offer againfl it is this — that the accelera- 
tions of a body, moved by wind or water, are continually 
decreafing only upon this account — becaufe the velocity of 
the body, after the firfl impulfe, approaches fenfUy nearer 
to the velocity of the fluid. If the velocity of the fluid 
fhould be fb great, that the velocity of the body fhall bear 
no fenjible proportion to it, the objedion will vanifh. And 
this obfervation, I humbly apprehend, is applicable to the 
caufe of gravity. For if that effe«a is owing to any phyfical 

* Maclamr-i^a Phil. Difcov. p* 24'- 
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caufe, it will in all probability prove to be the fame with 
that which produces fuch wonderful efFefts in eledricity ; 
the velocity of which, is not to be meafured in any trials we 
are able to make upon it; and for ought we know, may- 
be as great as that of the light in its progrefs from the fun 
and planets : fo that the velocity of a falHng body, as far as 
experiments have gone, will bear no fenfible proportion to it. 
Therefore the effedl ought to be, fuch as it is found to be. 
Mr. Maclauriny from whom I have borrowed this ob- 
jed:ion, mentions it in very few words, and lays no great 
ftrefs upon it. He thought it improper to determine any 
thing from hence concerning the caufe of gravity *. And he 
feerris to have judged rightly : for whoever fhall hence de- 
termine, that its caufe is not mechanical^ will undertake the 
proof of a very extraordinary^ negative \ fuch as muft imply, 
that he is a compleat mafter of all natural fcience, acquaint- 
ed with the utmoft extent and power of thofe mechanical 
caufes, which were: contrived and eftabliflied by a wifdom 
that comprekendeth all things. 



Ibid. 



CHAP. IV. 

An Examination of the Argument for a vacuum^ deduced 
from refinance and the vis inertia of bodies. 

WE are now arrived at that part of the fubjed, where 
all the admirers of detnonftration will expert to fee 
me drop ; that is, to the do<^ine of a vacuunty and the 

theory 
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theory of rejijiances^ upon which it is founded. The learned 
gentlemen, who objed: to die fort of philofophy I am now 
recommending, know very well without being reminded of 
it, that if they have proceeded without evidence in this mat- 
ter, their whole fabric falls to the ground, without farther 
trouble : and if I cannot fhew that they have, I am willing 
to own, that all I have yet faid, or fhall hereafter fay, muft 
in their opinion go for nothing. 

Allowing then that there is a vacuum or void Ipace in 
the world, their argument is very fhort, and will (land thus 
— bodies are obferved to have motion in fuch a fpace j but 
that motion cannot be the effedt of any material caufe, no 
fuch caufe being prefent to them. 

Should we fuppofe this to be true, what a confufed and 
heterogeneous mixture of folutions will it neceflarily intro^ 
duce into all our phyfical difcourfes ? That God does in 
many cales govern the world by material agents, and con- 
ferve the motion of bodies by the adivity of fecondary caufes, 
is beyond difpute. The fupport of animal life by breathy 
the motion of a fhip before the w/W, of the fap in vege- 
tables at the approach of the fun's light, of the mercury in 
a barometer by the prejfure of the air^ of the fluid in a ther- 
mometer by the expanding power oi fire^ of bodies impelled 
and driven off again by the flux and reflux of eleSirkal ^- 
ther^ with innumerable other phoenomena of nature, all con- 
fpire to efl:ablifli this plain truth. And if it be an axiom in 
phyfics, that more caules arc not employed where fewer will 
fufiice, how comes it to pais, that ihofe agents which con- 
fefledly minifter to fo many and great effedts, are not fuffi- 
cient for the producing of all ? fhall we allow, that God 
governs the world by a fubordinate agency and mechanifm 
in fome cafes, where that agency appears to us ; and deny 

it 
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it in others, merely becaufe we have loft fight of it, or be- 
caufe it would make againft us ? a philofophy that labours 
under this difficulty, and is one while working with a ma-^ 
terial caufe, and in the next breath with an imtnaterial one, 
be it ever fo ingenioufly put together, will after all be liable 
to this grand exception, that at beft it is inconjijient^ and un- 
worthy of God. Every body muft fee and know, that there 
are material caufes ad:ing in the world ; and he that denies 
it, muft deny his fenfes. If thefe caufes are not fufficient 
to perform all the ftated operations of nature, then the crea- 
tor hath made ufe of fuch means, as are not proportionable 
to the end. If the Creator himfelf performs them by the 
immediate agency of his own fubftance, then is there no 
need of any other caufes ; they are all fuperfluous. But that 
there are other caufes is abundantly evident ; therefore they 
muft be capable of anfwering their end, and every material 
effed: will be immediately owing to a material caufe. What 
I here (ay is grounded on this reafonable pojlulatum^ if it 
may not rather be called an axiom^ that the wildom of God 
is conjijient with itfelf in its operations ; and that he wants 
neither power nor (kill to avoid the error of inconfiftency : 
grant but this, and the argument amounts to a demonjira-- 
tion. 1 muft confefs, it appears to me to be fo unanfwer- 
able, that if I could not take ofF the pretended evidence 
for a vacuuffiy 1 fhould neverthelefs be fatisfied, that it was 
a fophifm, and impute its whole force to a want of fkill in 
myfelf to lay open and deteft the fallacy of it. And now 
let us proceed to give it a particular confideration. 

I HAVE a manufcript-paper by me from a learned and in- 
genious gentleman of Cambridge^ wherein the argument for 
a vacuum is ftated very clofely ; and he will not be offended 
with me, if I take the liberty of fetting it down in his own 

words I 
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words ; for I know how to honour a man of parts and dili- 
gence, though we may happen to differ in fome of our fen- 
timents. 

" You will hardly (fays he) deny the vis inertice of mat- 
ter, which Sir Ifaac Newton^ and every author, but the 
materialijis think demonftrably eflential thereto, and pro- 
portionable to its quantity; and therefore, that it muft 
hold equally in the moft fubtil cether^ as in the groffeft 
matter. Hence it follows, from the different degrees of re- 
Jijiance to bodies moving in different mediums, that equal 
portions of different mediums contain different degrees of 
vis inertite^ and confequently different quantities of matter. 
But how can different quantities of matter be contained in 
equal bulks, without fuppofing vacuities^ at lead in one 
of them ? No fubtil tether^ pervading the pores of the 
grofler medium, will folve the difficulty ; becaufe fuch an 
aether muft itfelf be more porous than the gfofler medium, 
elfe through its vis inertice it would caufe an equal degree 
of rejijiance^ contrary to fac^ and experience. Now what 
can this porofity of the aether be, but interjiitial vacuities ? 
muft we invent another aether to pervade the pores of the 
former, then another, and fo on, till all the pores be fill- 
ed ? But this only drives us again upon the difficulty we 
have been endeavouring to fhun ; namely, that all bodies 
are equally denfe^ and ought equally to refiji the motion of 
other bodies through them. This, allowing the vis inertice 
of matter to be eflentially proportionable to its quantity, 
is a JiriEl demonjiration of an interftitial vacuum : and 
therefore difficulties ftarted againft it, though we could not 
folve them, ought not to move us." 
W E are now poffeffed of the objection in its full force. 
All matter, from its vis inertice^ or a natural indilpofition 

to 
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to change its place, muft give a refiftance to motion in pro- 
portion to its quantity : and as we find a difFerent degree of 
refiftance to bodies moving in difFerent mediums, there mufl 
be difFerent quantities of matter in equal fpaces ; and con- 
fequently there is juft fo mucb more of vacuum, or abfence 
of matter, in one of the fpaces, as there is lefs of refiftance : 
where there is no rejijiance^ there will be no matter : fb that 
we mufl either corred: the modern do(9:rine of the vis iner- 
tii^y or allow this to be, what Sir Ifaac himfelf hath called 
it — demonjiratio vacui. As the vis inertice is a principle of 
fb much confequence, I am obliged to enter upon an expe- 
rimental enquiry into the nature of it ; in the progrefs of 
which, I think it will appear, that fuch an enquiry was ne- 
ver made by Sir Ifaac himfelf, nor by this ingenious gentle- 
man ; who will find he has taken up with a principle, which 
he never gave himfelf the trouble to examine. For after all 
that can be faid, experiment mufl be the tcfl ; and to that 
I fhall appeal for the truth of what I am going to offer. 

W E find then, that if a body be at refl, a certain force 
is required to remove it out of its place ; and this force is 
fuppofed to be necefFary only on account of a vis inertice in 
the body : for which reafon, the force required mufl in- 
creafe, as the quantity of matter increafes in the body to be 
removed. All this will be true, if the vis inertice is true : 
but it is contrary to fad. Let us fuppofe this body to be of 
a pound weight, and fufpended by a line, fo that on occa- 
fion it may vibrate as a pendulum. If you would move this 
body in a direction upward^ the force required mufl be fu- 
perior to a pound ; if fideway, in the fegment of a circle, 
of wliich the point of fufpenfion is the center, a much lefs 
force will do the bufinefs ; and this force being the true in- 

E dcx 
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dex of the vis inertice^ if that be found to alter, though the 
quantity of matter be ftill the famey it proves that the vii 
inerticR is a changeable thing, depending on fome certain 
circumftances which muft be taken into the account. And 
it will appear, that if you can calculate the force which the 
adion of gravity will have upon the body, when elevated to 
any angle, you will then know what force is requifite to 
overcome its vis inertia or indiipofition to motion. 

I F the fame body be taken in the hand and left at reft in 
the air, no force at all is required to put it in motion down-- 
ward ; for the caufe of gravity immediately fets it a going 
in its proper diredion. So that, ceteris paribus^ the vis 
inertia in all bodies, being more or lefs, juft as you concur 
with or contradid: the adion of gravity upon them, feems 
in faEi to be no other than a confequence of their gravity. 

When we attempt to give a motion to a body different 
^om that of gravity, we find it already pre-engaged by a 
determination toward the earth's center : and this natural 
force is making its effort every moment againft any foreign 
force that can be applied to it ; to which it is owing, that 
projediles, inftead of proceeding in a ftrait line, defcribe a 
parabolic curve. If gravity and the vis inertia were things 
effentially different, and independent of one another, each of 
them muft occafion a refiftance proportionable to the quan- 
tity of matter ; and the whole refiftance, as difcoverable by 
experiment, would be the fum of two different refiftances, 
the one proceeding from the caufe of gravity, the other from 
the vis inertia. But I am fully perfuaded, that in all entire 
or detached bodies, we fhall difcover no refiftance to a change 
of place, but juft fb much as ought to proceed firem the 
adion of gravity upon them, and no more. 

If 



Of nature. 35 

If this be true, if the vis intrtice be only the conle- 
quence of another principle, two corollaries will arife, fuffi- 
cient to difpatch all the argumentative part of the above- 
demonftration. For then it will follow, that if we can alter 
the ftate of a body in refped: of its gravity, or its natural 
tendency downward^ we fhall, at the fame time, alter its ftate 
in relped of its vis inertite^ or natural indifpofition to move 
when left at reft : the truth of which will appear from an 
eafy experiment. 

Take a light glafs bubble, and load it inwardly with 
mercury or any other heavy fubftance, till it is precifely of 
the fame fpecific gravity with water. This done, we will 
fuppofe it to weigh two ounces. Let it now be fufpended by 
an hair to the arm of a ballance, and laid at reft upon a 
table : if you would raife it from thence, and give it a mo- 
tion upward, you muft charge the other end with a weight 
fbme fmall matter above two ounces ; which may ftand for 
the force requifite to overcome its vis inertice. Let the body 
then be placed near the bottom of a veffel filled with wa* 
ter ; in which pofition it will remain at reft : but if you 
would now give it motion in the lame diredion as before, 
it may be done with a fingle grain, that is, with only one 
thoufandth part of the force required in the former cafe. 
The reafon of this feeming paradox is this; the motion gi* 
ven does really coincide with that of gravity, though in ap- 
pearance it contradids it. For the body being of equal 
weight with an equal bulk of water, when the body has mo- 
ved out of the fpace it occupied at reft, an equal bulk of 
water, through the adion of gravity upon it, has delcended 
into that Ipace ; and if we put looo for the force neceflary 
to raife the body, and lOoo for the force of the fubfiding 

E 2 water 
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water, the difFerence between thefe two leaves a remainder 
for the vis inertia = o. Some quantity however indefi- 
nitely fmall muft be allowed to produce an inequality be- 
tween the body and the water; for where all things are 
equal, no motion can enfue. But how much the vis inertice 
has to do in this experiment, I leave to be determined by 
better judges, when they have confidered it. It may like- 
wife be added, that after the bubble has been moved by a 
force equal only to a Jingle grain through a Ipace of water 
equal to itlelf, twice as much matter has been put in motion 
thereby, as would have been moved in ja vacuum by a force 
fbmewhat fuperior to two ounces^ becaufe the bubble has dif- 
placed a quantity of water equal in weight to itfelf ; and wa^ 
ter rejifis a moving body nearly a thoufand times mwe than 
air. But how can all this be poilible, if an indifpofition to 
motion be ejfentially proportionable to the quantity of mat- 
ter? 

M y fecond corollary applies itfelf direftly to the demon- 
ftration. As the vis inertice is a neceffary confequence of 
gravity, if there be any fluid, be it what it will, which ads 
as the caufe of gravity, that fluid muft itfelf be void of gra- 
vity, confidered as an effeSi^ and confequently of that rcflft- 
ance which has been afcribed to the vis inertice. To fay 
then, that the vis inertice mufi hold equally in the mofi fiibtil 
(Ether as in the grojfeft matter y and that from the different 
degrees of weight or refiftance, different quantities of matter 
are contained in equal fpacesy is to beg the queftion, that 
gravity has no material caufe. But it would be unfair, to 
demonflrate that it has none, merely by attributing to it 
fuch a property, as from its nature and ofiice it cannot pof- 
iibly have. 

It 
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It is incumbent therefore on all thofe, who would build 
^philolbphy on the vis inertia^ firft to fhew us what it is, 
and to prove by fonie experiment, that there really is fuch 
an original principle in matter, to be difcovered apart j and 
independent of ev^y other principle at prelent eftablifhed in 
natUrQ, btfore they can raife from it one fingle conjedure, 
much lefs a d^monftration. I fay, oi every other principle: 
for a refiftancc to motion may be occafioned by more prin- 
ciples than one. A mafs of iron or ftone, firft examined 
with refpedt to the principle of gravity^ then to that of C(h 
hejiony or the application of its conftituent parts to one ano- 
ther, will teach us, that the whole quantity may be put in 
motion with reipedl to the earth's center, much more eafily 
than half the quantity can be moved with refped: to the 
other half: fo that if the force with which fome folid bo- 
dies cohere, were to take place in matter, as univerfally as 
gravity now does ; we might compute the vis inertice to be 
ten thoufand times as great as it is, becaufe we fhould op- 
pofe the cohefion of bodies, where we now oppofe their gra- 
vity. 

Were all matter at reft, and the adion of the elements 
made to ceafe, fo that not a fingle particle of matter ihould 
have any determination to one fort of motion rather than to 
another, that would be the time to make an experiment on 
the vis inertiiB. But this principle, fo far as it is fubjeded 
to examination under the prefent oeconomy of the world, 
is a thing unfixed and confequential, not uniform and in- 
dependent, as the mathematicians have fuppofed; whofe 
greateft misfortune it hath been, not to confider things as 
they are^ but to feign an arbitrary and abftraded ftate of 
matter, and thence to argue upon it in its dependent ftate ; 

when 
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when they are really more difFerent^ than the ore of a metal 
depofited in the earth, from the fame metal formed into the 
wheels of a clock. And what is much more offenfive, the 
fame philofophy which has given to matter an indifference 
to motion by the vis inertia^ has alfo given it an inclination 
to motion by the virtue of attroBion ; both of them inhe- 
rent ( as fhall be hereafter (hewn ) in the fame particles. 
The former of thefe does indeed feem oppofite to materia- 
Ufm ; but the latter has fo ftrong a relifh of it, that a friend 
to the principles of Spinoza hath blended them both to- 
gether *. And even Dr. Derham^ an undilguifed and 
well-defigning author, has granted as much as Epicurus 
himfelf would have required of him. It was his opinion, 
that in the firfl produSiion of matter^ the great author of all 
things INSPIRITED the materials of which the world con-- 
fifis with fuch an adive quality, as ferves to preferve the 
globes entire^ and enables them to revolve about their centres. + 
If this paffage does not allow to matter a power of direding 
itfelf, and conferving its own motions, I know not what to 
make of it. But it is no concern of mine, fo I return to 
the argument ; leaving it to thofe who pretend to have re- 
nounced materialifm^ to reconcile their own conjunft doc- 
trines of inert matter ^ and infpirited materials I 

* See the Phjficcd paragraphs in a piece entitled an EJfay on Spirit. 
f Aftro-theol. p. 148. 
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CHAP. V. 



T^be argument from rejiftance proved to be an abfurdity j 
as it implies^ that the caufe of motion muji reftji the mo- 
tion which it caufes. A plain experiment to illujirate 
and confirm the author s reafoning. 



THUS much, I think, may fuffice to ihcw, that the 
celebrated demonftration of a vacuum has fet out 
wrong. It will be as eafy to prove, even waving all that has 
been faid on the vis inertitB^ that it has concluded wrong ; if 
the relation between a moving body and a rejijling medium be 
rightly underftood. 

Whe N a pendulum is made to fwing in air^ water ^ or 
mercury^ the refiftance it meets with is greater, as the me- 
dium is denfer : and as a plenum of aether, fuch as the me- 
chanical philofophy requires, would be more denfe than any 
other fluid, its refiftance, they fay, muft be greater : no 
motion could poflibly continue in it. But then as motion is 
obferved to continue in the heavens, without 2lX\j fenfble di- 
minution^ there can be no refiftance in the heavenly ipaces, 
and confequently no matter of fufiicient denfity to occafion 
it. 

This was Sir Ifaac Newton % wiiy of computing refift- 
ances, and the ufe he made of them when computed. That 
we may fee whether this dodrine agrees with experience, 
let u& fuppofe a fhip, with its fails fpread, to be in motion 
before the wind : every body muft allow me^ that if the 
wind were to keep its diredion, and the fhip to have an 
open fea, it would go quite round the globe; and for the 

fame 
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fame reafbn that it makes one revolution, it would make 
another, and fo on ad infinitum. Are we to fay, that the 
air^ in which it moves, is an unrejijiing medium f we ought 
to fay this, if the demonftration abovementioned really is 
what it pretends to be. But the truth is, a medium may, 
in its nature^ be a refitting one, and yet in faSi give no 
fuch refiftance, as fhall be any impediment to a body mov- 
ing in it. For let any perfbn tell me, how much refiftance 
the fhip receives from the air in this cafe ? the anfwer muft 
be, — lefs than none : the refiftance here is a negative quan- 
tity ; and the fhip is fo far from lofing its motion, that it 
is continually receiving it, as it pafles through the air ; yet 
it would be falfe to affirm of air in general, that it is not a 
refifting medium. As to the water the fhip fails upon, this 
being not the caufe of its motion, will ferve to retard it ; 
but as the continued impulfe of the aif behind, is fuperior 
to the fum of all the following refiftances, ift, of the air 
before^ 2dly, of the water the fhip fails upon, and 3dly, of 
the caufe of gravity which is continually ading upon it ; 
the motion will continue notwithftanding thefe impedi- 
ments. 

Were it to be laid down as a general rule from this 
particular inftance, that water refifts motion, but air does 
not ; neither will this coincide with experience. A cork, or 
any other light body, thrown upon the ftream of a fluice 
or floodgate, will be carried off with it ; and as it is com- 
mon for a confiderable part of the water to return again upon 
the flream in a curve, if it be obftruAed by the banks, and 
have but a narrow outlet, the cork may come about with 
it, and compleat its revolutions, fo long as the caufe conti- 
nues to adi upon it. The water gives no more refiftance in 
this cafe, than the air did in the other : and thus it will 

happen 
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happen univerfally, that every fluid, where it is the caufe of 
motiony will notbe found in that cafe to give any refiftance^ 
be its quantity of matter great or fmall. 

We are now prepared to return to the pendulum. If it 
vibrates in air^ the air will retard its motion ; and there is 
a good reafon why it fhould do fo, for air is not the caufi 
of its motion. If in watery neither is that the caufe of its 
motion ; and it will give a greater refiftance to it in propor- 
tion to its quantity of matter, that is, in proportion to the 
adlion of gravity upofi it. If in quickfihery it will meet with 
a ftill greater refiftance, for the fame reafons. But if there 
be any elementary aether, adling as the natural caufe of gra- 
vity in bodies y it is juft as abfurd, to fearch for the refift- 
ance oi fuch a fluid y from the motion of 2i falling body ; as 
for that of the airy from the motion of a ihip that fails by 
it ; or for that of water, from the motion of bodies carried 
down by a current of it. If one philofepher may conclude, 
that gravity cannot be owing to any material fluid, becaufe 
he has found, that this fluid does not refifi 3. gravitating 
body 'y may not another demonftrate with equal truth, that 
a (hip cannot fail by the aftion of the air upon it, becauie 
he finds, frOni the niceft pbfervations, that!the air does not 
depi^ive it of its tnptioh? . : • • . . 

Lest the reader fhould haVe fufpeded me of a defign to 
prejudice hipi beforehand, and to inje<^ fcruples through a 
want of better arguments ; I did not obferve at the begin- 
ning of this difquifitioh, thit Sit'Ifaac had drawn two c^ 
pofite conclufions from a;catpital experiment, Tclating-to the 
aflair now before us , but it will be proper juft to mention 
it in this place. Having caufed an empty wooden box to 
vibrate a§ a pendulum, he loaded the fame box with 77 
times its own weight of metal ; and in this latter cafe found 

F the 
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the motion to be retarde-d more than it ought to have been 
by the theory. In two different editbns of his philofophy, 
he imputes this to two different cauies, without the leaft 
hint or apology to his readers for fuch an Important change 
in his opinion, In that of 1687 he accounts for this, from 
an increafe in the refiflanci of the air^ occafioned by a fwifter 
motion in the heavier pendulum : and has demonflrated 
eUewhere, that the redftance of a fluid to a body moving 
in it, rauft inpre^fe in a duplicate rati9 * of the body's velo- 
city ; but this cbniideration hath no place here. In that of 
1726, he imputes this fame effedi, without any repetition 
of th^ experiment, to the refiftance of a fubtil medium a- 
gainfl the ic^id parts of the inclofed m^tal ; and mentions 
not a word about the refinance ef the air. But herein, it 
feems, he correAed his philoibphy not for the better, it be- 
ing abfurd, that the refinance oi 9. fuhtil ather ihould be 
-diia)vered in fuch 4 cafe qs this. 

This great man feems to have laid it down as the foun- 
tiation of thefe conjc^res (for I hope they are not both de- 
monjirations) that an experiment, which requires machine- 
ry, can be performed abfolutely without friCTion ; the con- 
trary to which is well known to ^serf mechanic. It is rea- 
fbnable to think therefore that the ^idion between the hoc^ 
and ring, on which his pendulum fwutig, muft have been 
fomewhat increafed, when the ball was loaded with a weight 
77 times greater ; and the di^rence he found, was no greater 
than might arife^ ^om fiich an impediment, though the in- 
ilrument were ever io perfcft. It is hard to fey, how a man 

* The refiftaace a iMdy meets witk firoqi a mediwn* is ai the velocity of the body, and the 
fpace of the mediuip pafled throagh by it, multiplied, into each other. But that fpace will al- 
ways be m the velopi^ ; therefom the n&fauK* is, at this velocity owltiplied into itfcif, tJiat 
is, as tl^ fyutrt »f tbt vtlxkj., 
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of genius, as he ccrtAittly was, could throw a plain experi- 
ment into two fuch different fhapes, neither of which arc 
agreeable to reafbrt* Perhaps he thought it would fuit bet- 
ter with the principled he was endeavouring to eitaWifh, not 
altx>gether to deny the exifteftce 6f a fubtil aether, as he did 
at fidl^ for that wodd have been toa much ; but rather to 
enfare his ph&^fophy^ and keep this aether from breaking in 
mx>Q liis lyfteiti,. by itoputix>g to it a degree of reffiance. 
Whether the learned will coftfider of thefe things, I cafinot 
pretendi to judge ; in time perhaps they mafy : but for a 
while, I prefuffie, he that Venn^rcs to interpofe, muft be 
content to kt the reproach foU upon himfelf. There was a 
tinoe wheff men had given up their undcrflaiidings ta thcf 
togic of the fcbook * and the quif ks of Arift^tle \ and Woe 
was to the ftxaft, who dare^ to publifh a fofpicidn* agairrfl 
them. That falhion is now exploded, and we are all en- 
flian^ed to the pretences of a mathem<^tic certainty. Bat if tht* 
dodritie of a vacuum is really weak and without foundation, 
this fa/hioii will have its period like the Ibfrtief, and wc 

• I will give a fpecixhen of their manner pertinent to the fubjeA wc aW upon* It is t Ion- 
cid demovfiratioH of a 'vacuum^ extradled from Lib, 4. c. 6. of AnJlotle*% Phyfics. Ov ^^ ttvh- 
i(^n HfOi «iy«#i^ H fm i mW T0 yt^ vAif^f ^hfm^w thtf MldS-e^' «•' h A(««»^*^' ^ iff ^t^ fv tmt' 
««/ri», Sec, If there be no vacaaniy there can be' no' locatmotion. Fir a /pace already full camuk 
receive anf thing into it ; i/it did, tBere nibuHt be &m» tbdiet iH the' fdme' fldtti dokicb frofi dJ^fu)^- 
dity. Some of kis Ccmmentators pot it thus -^ probarar affumfftio ; quia* corpai| quod loctihi 
JAdtkt; vcl inani fpatio cxcipitur, vcl pleno: fi man^ Habetur propofitum : fi pfcno, fequitur 
duo cprpora fefo peflneiCre — — *^Tbi aj/iurifkiok is tlhts proved; tecadfi a' Adt^f that eSa^s ^ 
place, is recei*ved eiiher into a /pace full of matter, or into one that is empty : i/ inta an empty /pace, 
the point is pr^ed^, if into a full /poet, then if /tdlo^t that t^o bodies ftinjl pkAelf die one ancthei^ s di- 
menfons.** And Jrifiotle ttlls us of one Melsffus, an ailcient fophifl, who being reduced to the 
laflreJctrtWiity'by the fortfc of this miferable argumenl arid' determined' riot to admit' a *vacuum, 
denied the reality of motion, and held therumv<jrfe tp be immoveable; Had' this j^hilofophcf 
trailed to experiments intfead of logic, he might have fileilced his adverfaries with very little 
trouble. For if a bullet be put into a botde, quit* full of wattr, and' cldfe llopt'doWn, we' 
have a fpace filled with an inccmpreffible fimd\ which crnftitutes as good a plenum as need be de- 
filed; yet upon- inverting* the bottle, wrffifd the bulltf can move from the' tdp'ttf die bottriri, 
or from one fide to the! other, a» freely as if the bottle were empty. Doc» i^ mwe yito an 
erifipty fpace, or intc^ a full one ? wh/ truly, into neither; for the bullet and' the fl«':J change 

//<»»' with one anothet^ fo thift'thc ni<fti(te. is riot Mndred, though the f|iace is a!w^' M\ of 
matter. 

F 2 (hall 
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fhall be reftored again to the enjoyment of our philofophical 
rights and liberties. 

It appears then, that the vis inerti(Z of matter, under 
^be prefent conftitution of natural things, is no fit principle 
for a philofopher to begin with ; and that even fuppofmg 
fuch a principle, I fay, luppofing fuch a principle, yet to ar- 
gue from that to phyjical caufes is an abfurdity : for when 
any fluid matter becomes a caufe of motion^ the cafe is quite 
-altered ; and its rejijiance^ be it ever fo great in other cafes^ 
will be of no account in this. The gentlemen* who have 
reafoned from this principle, have never once attempted to 
inquire, what will be the cafe, where matter gives motio7% to 
other matter ; but taking it for grantedy^ that the great au- 
thor of nature has created a fet of elements, for no fingle 
purpofe, but to obftrud bodies in motion, have drawn them- 
felves into the palpable abfurdity of proving by a ir.athema- 
tical demonftration, that a matter of fadl is an impoflibi- 
lity. Of which, if any doubt fhould yet remain, I will fub- 
join the following experiment, with a few fhort. reflexions 
upon it. 

A T the extremities of a fl:eel rod of two feet in length, 
let two lamps of thin glafs of a Ipherical figure (or any other 
that the operator chufes) be fulpended as in the figure, ( fee 
plate I. fig. I.) Over thefe lamps let there be two vanes 
of plate-brafs placed with contrary afpeds, and inclined to 
about half a right angle. The rod thus furniftied is to be 
poifed by means of a cap fixed to the middle of it, on the 
point of a needle, fupportcd by a foot and pillar. As foon 
as the lamps are lighted, the machine will begin to turn 
upon its centre, making feveral revolutions in a minute, and 
will continue thus to move, fo long as the lights continue 
burning : and fuppofing the lights to have a perpetual fup- 
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ply, the confequence of that would be a perpetual motion in 
the machine. 

W E will imagine a mathematical philofopher to be con- 
templating this fight at a diftance. If his eye is in the plane 
of the motion, the lights will appear to move backward and 
forward in a ftrait line : but as their velocity will be appa- 
rently unequal in different parts of the line, he will conclude 
they move in a curve; and by confidcring attentively in 
what proportion the apparent motion is accelerated and re- 
tarded, he will difcover that curve to be a perfed circle. 
Thus far he argues as an aftronomer and geometrician: there- 
fore his conclufion will be undeniable ; and I mention this 
to fhew the diftindion between ajironomy and phyjics. But 
in the next place, he proceeds to inveftigate the caufes of 
this motion : and having found, as he imagines, that all 
matter muft rejiji motion in proportion to its quantity ; if 
the lights circulate in a rejijiing medium^ their velocity he' 
concludes muft be diminifhed, and by degrees be utterly 
loft. But having obferved for feveral days, and he might do 
it for as many, hundred years, that they continue to move 
with the fame velocity, and compleat their periods exadly in 
the fame time, as when he firft began to make his obferva- 
tions ; he concludes, they muft move in an unrejifiing fpace 2"^ 
and having difpatched all material impulfes out of the way, 
afligns a proje&ile force as the caufe of their progrejftve mo- 
tion, and an attraSiive force, exaAly counter-ballanced to it 
(that is, equal to the verfed fine of an arc defcribed in a gi- 
ven time) as the caufe of their circular motion : affirming 

m 

• " Againll filling the heavens with fluid mediums^ unlefs they be exceeding rare, a great 
"objeftion ariles from the regular and very lafting motions of the planets and comets — thence 
" it is manifeft, that the heavens are void of all feniiblc reiiilance, and by confequence of all 
" fenfiblc matter." Opt. Q;^28. 

at 
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at the iamc time,, that thcfe two forces are fufiicient to ac- 
count for all the phoenomena, and will do it better than any 
material medium wbatfoever * ; and that in the whole courfe 
cxf this rcafoning, h^ has not made am fuppojition f • The 
^a-m of this evidence is given us in a few words by that fkil-- 
fill mathematician Dr. ColeSy m his preface to the Primipia : 
Corpara progredienda tnotum fuum fiuido ambienti com- 
municant ; cammtinicando amittunt ; amittendo retardantur. 
'. — " Bodks ia their progreflioa communicate their motion to 
^* the furrounding. fluid; vrhat they communicate they lofe^^ 
" and by lofing it they are retarded y Then he undertakes 
to prove, that motion cannot be kept up by tlie impulfe of 
any fluid whattfoever,. hut upon the following condition — - 
niji velocitas ai/oluJia fiuidi recurrent is duplb major fuerit 
quam velocitas abfoluta fiuidi propulfi \ quod fieri nequit — 
that is^ " unlefe the abiblute velocity of the fluid which falls 
" in behind^ be twice as great as the abfblute velocity of the 
*^ fluid driven away before \ which cannot poflibly be J/' We 
have in thefe words tlie whole ftrength of the Newtonian 
hypothefis ; this is its fundamental argument : yet if it be 
compared, with the prefent experiment, there is not one 
word in it,, from the b^inniag to the end, that wili hold 
true. For,, ia the firft place,, thefe two bodies cannot, in^ 
Dr. Cotes\ fenfe, camnmnicate their motion- to the furround^- 
ing fluids becaufe they were left at refi\ arid had none to* 
communicate. They ace no projeBiles : and the mathematical- 
philofophy having made projeBion its firfli principle of mo* 
Uotiy is entirely to feck, where that is out of the queftion. 

• " The motion of the planets and cotmcts being Utter explained without it." iWor/. Opt. 
Qj. 28. 

f "Hypothefes non lingo." Principe ad fin. 

\ This, by the way, will prove, that when a cork fwims down a ilream, the water mttft run 
twice as fail behind as it does before \V 

Secondly, 
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Secx^ndly, as they communicated no motion, tliey lofe none ; 
but are continually receiving a frefh and equable iiipply of 
it: for which reafon, thirdly, they are not retarded \ but 
are poinded of a motion, which, in theory, is abibluteiy a 
perpetual one. Whence it appears, fourthly, that the fieri 
nequity to which Dr. Cotes hath reduced him&lf, hath af*- 
firmcd too much, and confuted itfeif. Fw if the prejfure 
of the furrounding fluid be greater on the illuminated fide 
of the vanes, than its refinance on the oppoflte flde« ; that 
inequality of prejfure will neceflarily produce a motion to- 
ward the weaker fide ; and for the fame reafon that it pro- 
duces, it would alfb confcrve the motion for ever. — Fifthly 
and laflly, the well-known inference from a continuance of 
motion is worfl of all : for if the machine were placed in a 
vacuum-, that is, in a fpace void of air^ the lights would ex- 
pire, and motion be at an end. A fmall hint will be fuffi- 
cient here by way of application ; only let it be remem- 
bered, that the lights we ufe for experiment-fake, will de- 
cay in fpite of us ; whereas that lamp, which God hath Hght- 
ed up in the world, never goes out. And he thslt can retain 
fb mean an opinion of xh^fuHy that marvellous inflrument of 
the divine wisdom, as to fuppofe it ads, not by the emana*- 
tion of its lights but by its quantity of f olid matter^ fhould 
put out the two lamps and weigh them, in order ta account 
for this experiment. If this is not enough to convince the inge- 
nuous part of our mathemadciam, that their fcience hath been 
mifapplied, and that their way of reafbmng upon phyfical 
caufes i« fundamentally wrong ; they muft be left to philo- 
fophizey«o more : if they are deaf to the evidence of nature, 
it is hardly to be expedied they will yield to any remon«^ 
ftrances of mine. 



As 
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As the dodrine of a vacuum ^ and the theory of rejijiancesj 
are points of fo much importance, I have tried to be as par- 
ticular as the caufe required, and as methodical and perfpi- 
cuous as my fmall abilities would allow me. If there be a 
confiderable defeft in any of my deduftions, I (hall be very 
glad to be better informed : and perhaps fome of the fol- 
lowers of Sir Ifaac Newton may fhew fo much candour and 
humility toward a man who means well^ as not to think him 
too infignificant to be taken notice of. 



C H A P. VI. 

A geometrical argument for a vacuum examined and re- 
futed. 

EXPERIMENT and logic having both failed in the de- 
monftration of a vacuum ; let us fee what ftrefs is to be 
laid on geometry in the cafe before us : for we have been fb 
.ftunned of late years with its praifes, that it will be neither pru- 
:dcnt nor handfome to overlook its pretenfions. Dr. Ketl the 
aftronomical profeflbr was a very eminent geometrician, and as 
ilrenuous an advocate in behalf of a vacuum. To convince 
us that there really is fuch a thing in nature, he offers the 
following dcmonftration, which I fix upon, becaufe it has 
the author's own commendation, who calls it an invincible 
one, as the reader will find in the 17 th page of his philofo- 
phical le&ures. He defires us to " fuppofe all the matter in 
*^ the univerfe to be amafled into two fpheres, which may 

"be 
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" be reprefented by two circles, whofe centers are a and b. 
" If thcfe fpheres touch one another, it is neceflary that they 
" touch one another in one point only by the elements of 
** geometry — and therefore there will be betwixt the other 
*< points of thefe fpheres a certain and determinate (pace not 
** replete with matter." Hence the author concludes ** that 
" there is in reality a fpace diftinft from all body." p. 19. 

This is Dr. Keil^ itwincible demonftration : for the creel- 
ing of which, you are only to allow this fmall fuppofition, 
that the omnipotence of God might pofRbly accumulate all 
the matter of the univerfe into two folid fpheres ; and be- 
caufe there would be in this cafe a fpace void of all mat- 
ter ; it follows in his way of reafoning, that there really is 
fuch a fpace. This author feems to have been fb full of 
geometry, that there was no room for any logic ; elfe he 
might have picked up enough of it at Oxford to have taught 
him — a pojfe ad ejfe non valet confequentia. Befides, it 
is the proper bufinefs of a philofopher to confider the ope- 
rations of nature, as nature is now conflrufted ; where I 
apprehend, he will find work enough without making a 
new world, or fhufHing the old one into a new fhape. But 
Dr. Keil imagined it would edifie us more, to tell us what 
ihunge things would happen, if the world were all taken to. 
pieces, and put together again in fuch a form, as could an- 
fwer no one purpofe of the creation. 

If a queflion had been put to him, whether the motion 
of a peruiulum in a clock is prefcrved by the adion of oc- 
cult virtues propagated through vdid fpaces from one wheel 
to another, or by a conta<^ and bearing of the parts upon 
one another from the weight to the pendulum ; he might 
have demonflrated the former invincibly f by fuppofing, that 

G . if 
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if the matter of the whole machine were mdted do^n, and 
made up again into a couple of wheels, their circumferences 
could touch one another but in a iingle point ; and a man 
might make a clock up<xi this principle, with juft as much 
accuracy as he can philofophize upon the other. He that 
will impartially conAder this, and many other geometrical 
arguments of the fame complexion (with which I could fill 
a book if it were neceflary) will ckot be very bafty to believe 
any propofition, becaufe it h /aid to be fupported by ma- 
thematical evidence ; which though it be fbong in its |ff0- 
per place, and undeniable if confidered. in the abftrad^, is 
neverthelefs, when mifapplied, juH: as weak as any other fort 
of evidence that is equally impertinent The lovers of ma- 
thematical learning, like other men, are too fond of mag- 
nifying their favourite fcience ; and will be introducing it, 
where it can add no light, but will fpread an air of myftery 
and daHcnefs over a fubje<S^, in itielf plain and intelligible 
enough. Such unfeafonable applications of it iare ^ ^ from 
advancing its credit with fbber men, that they are in danger 
of bringing a pleafant and profttabfe branch of learning into 
contempt. 

I T was an obfervation of the excellent Lord Bacony whole 
judgment in thefe matters hath never yet been called in 
queflion — optime cedit inquifitio naturaHsy quando pbyjicum 
terminatur in mathematico — * " Every natural difquifition 
*< is iM'ought to its proper ifTue, when a phyfical principle 
<< terminates in a mathematics operation." '■. The reverfe of 
Hhis is the practice (^ J^* K^ih he ^perceives that a thing 
will hold true in the mathefhaticty and then turns the world 

V 
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up{ide down to malce his pbyfas agree with it. If that be 
the beft philo(bphy, which goes from phydcs to the mathe** 
matics ; that muft needs be the worft, which goes headlong 
to the mathematics before it is ready for them, and cano- 
nizes a blunder by a demonftration. So that Dr. Keil was 
ratho* too fevere in cenfuring lb unmercifully, and laying 
fuch an heap of hard names upon his adverfaries, '< whofe 
** errors," he lays " fpring from hence, that men igncnant 
^ of geometry will prefume to philolbphize, and give the 
" caufes of natural things." For be it ever fb true, that fbme 
philofbphers have not been geometricians ; he hath fhewn it 
to be equally true, that every geometrician is not a philofo- 
pher. 

I D o not fay this to difcourage the ftudy of the mathe- 
matics : and if I had fuch a defign, my influence is too 
finali to be attended with any bad confequences. However, 
I am far from defigning any fuch thing ; but on the con- 
trary am glad I know the value of mathematical learning, 
and would recommend the practical part of it to the fludy 
<^ every peribft who does not want leifure, has no natural 
indifpofition for it, land is willing to make a progrefs in na- 
tural philofophy; which) fo &r as it hath motion and 
quantity for its objeds, cannot be rightly underftood with- 
out a moderate degree of ikill in the mathematics. If 
this flui^ fhould become mott fafhionable among thole 
who are already learned in other refpeds, it might de- 
liver us from the bondage of ibme tyrannical prejudices, 
which at prefent do very much obftru^ the advancement of 
natural knowlege. Eledricity, which has given to this age 
an advantage over all that went before it, and fhould have 
opened to us a new world of philofbphy, has left us juft 

G 2 where 
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where it found us ; and the curiofity of the publick with 
regard to that article hath nearly fubfided, while the trea- 
fures of nature are ftill lockt up under the magic of attrac- 
tion and a vacuum. And here we are like to remain j un- 
lefs the efforts of feme future philofopher, more ikilful and 
fortunate than I am like to be, fliall roufe the learned from 
their lethargic admiration of a few hard words, drefied up- 
with geometrical lines and algebra^ 

A L L I wifli for therefore is this, that our young gentle- 
men (for as to thofe who are far advanced in age and- 
opinion, though I reverence their characters, and am glad 
to take the benefit of their labours, it is too late to drive 
them upon any freOi inquiry) that our young gentlemen,. 
I fay, who(e minds are difengaged from fyftematical views, 
would avoid all implicit obedience to names and charadersy 
fo far as they can do it without any offence to good man- 
ners, and bend their attention to fuch experiments as relate 
to a material agency in nature ; which kind of experiments 
have neither been fought after, nor examined into, as they 
ought to have been : and would likewife add to their other 
learning, a competent degree of fkill in pradical geometry 
and arithmetic. For it is the misfortune of thefe times in 
particular, that thofe who are ignorant of the matheniatics, 
are apt to think they have nothing to depend upon in phy- 
fics, but the authority of the eminent geometricians ;. . whofe 
reports, however fanguine, premature, and, accommodated 
to their own fancies, they are obliged to receive jufl. as they 
happen to be delivered : and while they are not aware how 
much may really be done by the mathematics, and what 
great afUflance they will give in the proper place, are drawn 
•in to allow them much more than their (hare. On the other 

hand 
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hand a mathematical fcholar, whole judgme&t hath hot 
been mfeded, doth know very well, that geometry can as 
foon create a fyftem of politics, as a fyftcm of phyfics. He 
knows, that in every phyfical operation, he muft have phy- 
fical data to begin with ; and that if he is wrong there^ all 
the geometrical fkill upon earth will never fet him right ; 
but rather lead himfelf and others into the danger of perpe- 
tuating the miftake, by calling the work a demonftration. 



END OF T H E Firs t Bo o k. 
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BOOK II. 

AttraSiion and gravity confidered at large. 
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CHAP. I. 

Attraction inquired into from the '^oritings of Sir Ifaac New- 
ton Imd the mofi eminent of his followers, 

IN the fermer part of this treatife, I have made it appear, 
that the only rational and intelligible phtlofc^hy is th^ 
which attributes all motion to the adion of matter up- 
on matter 'y or,, which is the hmi6 thing, that maintains an 
agency of material and fecondary cauies, under the diredion 
of God, the moral governor of the world, and the fupreme 
caufe of all things. 

To fuch a philofbphy as this, I have attempted to clear 
the way by removing all the jMrincipal objediions of our mo- 
dern lewned men : and if the fuppoied evidence for a va- 
cuum, depending upon the famous theory of refiftanccs, 
which gamed io much credit with Dr. Cotes y and many 
others, as to be unhappily miftaken for a demonfiratim y if 
this, I fay, has been obviated to the fatisfadion of the learn- 
ed reader, what remains to be done will rather be a work 
of eaie and amufement, than of difficult and doubtfial dif^- 
putation. * 

For 
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For if the notion of a vacuum be unfupported, and falfe 
in itfelf, nothing that is advanced in the mathematical phi- 
lofophy, relating to phyfical caufes^ can poflibly be right. 
Where that philofbphy has miftaken or mifreprefented the 
nature of thefe caufes, it will be found inconfiflent either 
with itfelf or with nature, and moft probably with both ; 
fo that to dete<ft the falfehood of it, we fhall . have nothing 
to do, but to compare it with itfelf, and with thole notions 
of the natural world, with which our fenfes and experience 
will furnifli us. In this dilquifition, we fhall have in review 
before us, a great variety of ufeful and curious experiments, 
which cannot fail of giving fbme entertainment, to a mind 
that hath beflowed any of its attention upon fuch fubjedts. 

As my concern at prefent is barely With pbyjical caufes ^ 
no reader can be fb abfurd as to fufpe<5t, that I am aiming 
at the demolition of all that is now called by the name of na- 
tuml philofophyy without doing me a manifefl injuftice, and 
betraying his own want of knowlege. The dodrine of unme*- 
chankal caufeSy though the forwardne^ and indifcretion of 
fbme adventurers may have loaded it with a much greater 
weight than it is able to bear, does yet make but an incon*- 
flderable part of the eflablifhed philofophy j and if it fhould 
hereafter give place to fome more natural account of things, 
-tlie remaining parts will always retain their prefent value. 
Such a work as that of profeflbr S' Gravefande will deferve 
the admiration of the ingenious, fb long as the world lafls ; 
and that man mufl have but an indifferent relifh for the fcir 
cnees, who is not greatly delighted with the difcovcries and 
improvements he may there meet with, in mecbanicsy optics^ 
and afironomy, I fpeak this in much fincerity : and it is 
intended to obviate any prejudices that might be railed a- 
gatnfl my defign, either wilfully or by miflake. .To give 

offence 
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offence is no part of my defign ; and I am unwilling, that 
any well-defigning peHbn fhould think me to be pofiefled 
by a fpirit of detradion, while I am confcious to myfelf it 
is far from me, and that I write upon much higher motives. 
I am encouraged therefore to hope for the attention at 
leaft, if not the ^vour, of all candid men and lovers of 
phyfical truth, while I enquire into the fenfe and merit of 
thofe caufeSy by which the author of nature is now fuppofed 
to dired^ the natural world. 

First then let us enquire, what kind of force or agency 
Sir Ifaac Newton and his followers would have us underftand 
by the terms attroElion and repuljum. 

That attraEiion hath been called in for the explication of 
natural appearances, both great and finall, every perfbn muil 
know, who has either heard or read any couiie of phyfical 
ledures delivered in englifh within this laft century : it is 
looked upon as a principle, not to be approached without a 
degree of reverence, becaufe the great Sir Ifaac Newton 
thought proper to make ufe of it : but if the word fhould 
have no fixed meaning, and fhould itfelf want an explica- 
tion, it will explain nothing at all ; it will be a word with- 
out an idea ; and if we apply it to any particular cafe, we 
fhall explain, as the phrafe is, ignotum per ignotius " a thing 
** unknown by another that is lefs. known" The word, if 
ftridly taken, fignifies a drawing or pulling of one body 
toward another : but as every fcience hath a liberty of . a- 
dopting its own terms, provided it adds fuch a definition as 
will keep them clear of ambiguity, I fhall fpend no con- 
jedures upon it, but try if I can iettle the three following 
queflions, upon the beft authority thai is to be had •; — firft, 
where attradion is feated ? for example, whether it be in 
the earth, or in the flone that falls down to it, or in both, 
. H or 
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or, in neither, but in fome fubftance exterior to both? fe- 
Gondly, whether it is to be underftood as a caufe^ or as an 
effe8l f and thirdly, whether it be a material force, or an 
imfnaterial one ? under which heads, all that need be fard 
upon the fubje<5l may eafily be reduced. 

The principal fpecies of attraftion, being that of ^^n;%p, 
is defcribed by Sir Ifaac Newton in his 5th definition as a 
centripetai force y whereby bodies are drawrty impelled^ or temi 
in any manner toward a center : which definition is fb far 
frotti giving any meaning to the won^, that it rather fecms 
to guard it, as it were, fix)m having Any meaning at all ; 
there being a mixture of terms here, oppofite in fenfe to 
one another, fiich as attra&ion and impuffe. To lay a body 
is atttaSted or pulled^ is to place the power in that point, 
to which the body is tending : to fay it is hnpelled or ck^iven^ 
is to place the power behind \t\ but to {^y hth, is to intro- 
duce two oppofite forces, deftrudtive of each other ; which, 
in effed, is to fay nothing. This definition thcrefofe> as it 
now ftands, will give us fb little hdp, that we miafl divide 
it into two parts ; that is, we muft diftinguifh attraBron 
from impulfe^ as things diametrically oppofite, and fee to 
which of thefe two Sir Ifaac and his followers have in- 
clined. 

I p we look forward in the prmcipiay wc fliall accordingly 
find, that attraSiion is the favourite term upon which all the 
learned author's reafbnings turn ; and that he fuppofes it to 
be a power feated in the moved hdies themfehes, and in 
every fingle particle of which they are comporcd. What eHe 
can we underftand by * corpora trahentia, ** drawing bo- 
" dies;" and, corpora fe invicem trahmtiOy ^^ bodies that mu- 
" tually draw eadh othery^ and '\fphar(Z ex materid attrac- 

* 

* Lib. I. Sed. II. t Ibid. Prop. 72* 
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tivd conji antes, " fpheres compofed of attra&ive matter f " 
How again are we to eftimate, as he diredis, the attradions 
of bodies " by ailigning to each of their particles their onmt 
** proper powers *," unlefs the power y by whatever name he 
pleafes to call it, be as truly feated in the particles them- 
^Ives, as the force of refiflance, or vis inertia is fuppo(ed 
to be ? And if the learned author of this dodrine had not 
really fuppofed the folid matter of the parts themlelves to be 
endued with an adive power, or principle of motion, he 
would not furely have taken fo much pains to prove, that 
this power cannot be owing to any tether y or other matter, 
external to the moved body. F<^ he fets it down as the re- 
fult of his r-eaibnings and experiments, that no fpecies of 
matter can be v(nd of gravity -^-y whence the conclufion is 
envious enough, that no matter can ad: as the caufe of gra- 
vity ; unlels the eff^ of gravity in fome bodies, can be the 
caufe of it in others^ which is abfurd. It remains then, that 
the gravity of all bodies is owing to a quality % reading in 
the bodies themlelves ; to which quality be gives the name 
of attraSium, How much truth there is in the grounds of 
this conclufion« we fhall fee hereafter ; when gravity, as an 
univerfal property of matter, is compared with experiment. 
There are in the celebrated works of Sir IfaaCy fo many 
patiiiges feenuagly inconiiftent with the dodrine abovemen- 
tioned, and efpec^ly that portentous paragraph with which 
he has cpncUided his principiay that I would proceed with 
-stU due caution^ and not venture to fix fuch an opinion upr 
QQ htmy. without taking; fome farth^ counfel, and enquiring 
hffWy and in what fenfe, this dodrine has been received in the 

* Aflignando fingulis coram partlculis 'v/Va /re/tvy^. V''*-.^' ^' ^' ^ch^- 
f Lib. 3. P. 0. Cor. z. " ' 

X Hxc eft qualitat omnium &c. Ibid. 
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judgment of others, who fubfcribied to his opinions, and un- 
derftood them throughly. 

D R. ^. Keil^ vkio beftowed much pains in drawing out 
this principle oiF aSradKon into a theory, has the following 
aflertion — Materiee inejfe vim attraSHceniy confirmat 4xpe- 
rientia ; " experience teaches us, that there is in matter an 
" attractive power. This he calls — materia vis fuperaddita^ 
" a force ftiper added to matter ;'* and again, inefi materi<e 
potentia, qud Jingulce^ ex quihus conjiaty particuUe fe invi- 
cem attrahunt — " There is a pcFwer in matter by which all 
** its particles mutually attract one another *." So that in 
the conftitution of all bodies, there is a compofition of mat- 
ter and ftmer ; and if their parts are found, either to ad- 
here, or tend toward each other, we muft afcribe it to a virtue 
in the parts themfelves. If an heavy body falls to the earth, 
it is occasioned by a ^^ or potentia fuperadded to the mat- 
ter of them both : than which nothing can be more ex- 
prefs to the point; and it (hews us, to a denoonflration, how 
attraSiion was underflood by Dr. KeiU 

D R. Friendy who endeavoured to folve the operations of 
chemifiry by this principle, and was engaged in a controvert 
about it with fome foreign writers, was of the fame mind with 
Dr. KeiL In the defence of his ledhires, he calls it — prin- 
cipium attrahensy quod omni materioi ineft — ** a drawing 
'* principle that refides in all matter ^^ And again he afierts 
'-^Ineffe immutahilem quibufcunque torpor Am vim, qui iti- 
dem in fefe mutuh ferantur — ** that bodies are carried mu- 
*^ tually toward each other by an immutable power within 
" tbemfehes •!•. 



* Pluk)£ Tianf. ]«fo. 315^ f IM. No. 331. 
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Dr. Clarke in his tiotes on Rohault informs us, that 
<*all thofc bodies will alcend in water, which are left at^ 
^*traBed by the gravity of the earth than water itfelf*." 
Whence it appears, that according to his notion of the affair, 
ottraEiion is a quality reiiding in the matter of the earth it- 
felf ; it being the gravitas telluris, to which the effect is 
imputed. 

To thefe authorities, I may add that of the ingenious 
Mr. Rovming ; who, fpeaking of the attraction of gravita- 
tion, obferves in very plain terms, that ** the a6iion of the 
" earth upon bodies is exat^ly in proportion to the matter 
"they contain -f." 

But above all, the opinion of Dr. Cotes is to be regard- 
ed ; and it is more to my purpofe than any of the former. 
" We are to believe, fays he, that the aSiion of the earth is 
" compofed of the joint aSiions of all its parts ; and there- 
" fore, that all terreftrial bodies ought to attraSi one ano- 
<^ ther with abiblute forces, which are in a dired ratio of 
** the drawing matter J." 

All thefe authors then (and I might have added many 
others) who have followed the Newtonian hypothefas, de- 
clare with one voice, that when a terrefbial body is fb aded 
upon as to defcend to the earth, the drawing matter of the 
earth itfelf is the agent ; and it aSis by a fmoer fuperadded 
to it, which power they call attraSOon, Ail the other kinds 
of attraction, fuch as that c^ magnetifmy cohefion^ ekdtrieity^ 
and repulfion the antagonifl of them all, are to be under- 
ftood in the fame way : but I forbear to weary the reader's 

* Q^ ttllnris graivitate ■aanMs imtX attraaa. P. L ch. 22. {. 15. 

+ Vol. L p. 15. 
. X jtsio itaque telluris ex conjunAis partiam aStomhu confiui cenfenda erit ;■ atque adeo 
corpora omnia terreftria k matuo trabtre oportet viribiu abiblutu> qos fint in radone mattria 
trJbtittU, See hii Ptef. to Sir ^ Frimdfia, p. 3. 
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patience with any particular proofs lof it. This, I remember 
very well, is the fenfe in which I myfelf, in common with 
other young men, undcrftood the do(S^rine of attradion, 
when I was £rft initiated into thefe myfteries of natural phi- 
lofophy : it is the fenie in which I thought Sir Ifaac did 
originally defire to be taken ; and in which, 1 am confident 
he is taken to this day, by very many readers. I am now 
perfectly eaiy about it, being in the company of thofe wri- 
ters, whofe learning and caodom* with regard to their author 
have never yet been diluted. 



■i^^p^i*«p 



CHAP. II. 

An ttttttript to fettle the qutjtion^ tobctber attradion is the 
caufe or the efled. 



IT will now appear very ftrange to afk whether attrac- 
tion be a caufe or an effeSi\ aEiion, fifce^ fewer 6cc. 
having all been afcribed to it : but this enquiry will anfwer 
a very good purpofe, and ferve abundantly to convince- the 
unprejudiced, that they, who brought this principle into fa* 
Avon, did nevo" yet know what to make of it,. 

^K, LeihmPXy and many other learned matheme^ticians^ 
iveFC for expkxling attraSlion at its $rfl afip^arftfidS': they 
even ridiculed it as unphilofbphicai, unintelligible, an occult 
quality, and a miracle ; and abfolutely denied its very exifl- 
cnce. Obfervc thefefbre what a reply Dr. Ciarh made up- 
on the occafion — "It is vety- unre^foaable to . call at- 

" tradion 
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•»« trA£lion a miracle aft^=afi unphilofophical term, after it 
" has been fo often diftinc^ly declared, that by that term, wc 
•* do not mean to exprefe tha 6aufe of Bodies tending tcmArd 
** each other \ but bafcly the effeSi of this^ caufe, or the phoen(H 
** menon itfelf difcovtred by etperiei5teey whatever be or be 
<* not the caufe df it. GifeVitation of attra<?Hoh in thii finfe 
"(headd«) is an adtJal phojrtotfientjn in nature*." And 
again : " philofophers therefore may fearch after and difco- 
♦* ver that caufe if they dan, be it mechanical or n6t me- 
**chan!Gal : but if they cannot difcovet the caufe, is there- 
** fore the efeB ftfilfi the fhcenomenm^ or the tftatier of 
^*' faSi dif covered by experience^ (which is all that is meant by 
" the words aitroBion 2iwA gravitation) ever the lefs true "f ?" 
Mr. Lei^fHtm objcded to attroBion, as to a caufe occult aiwl 
unphilofi^hical : I>r. Clarke anfwers him, by denying it to 
be any caufe at all ; for- that it means nothing more thail 
the bare effeB^ or fheemtnenon of a tendency in one parcel 
of matter toward another. And if thi* were all, who could 
take any offence dt it ) for that there is fuch a tendency, 
experience will ihdeed dcmvii^e us ; ftnd there are fevv aftro* 
nomers, wfto will not allow of it, even in the? 'Ilea venly bd* 
dies themfelves. But then the authwity, to which this au- 
thor has referred us, is no way to be reconciled with his 
account. The wwds eff Sir tfikic are thefe " I ufe the -^rbrd 
**attraaion, oht^ in general, td figriify \>nit force by whfch 
" bodies tend tbWard efech Other J." Dr. Clarke aflures to 
Tfery pofitit^ly, and defircfc he- ifiay 006 be cbifunderflood, 
that when bodies are faid tb be utttoBed t/i graoitate^ ' no- 
thirig farther is meant, biit t4ia« they ait found by expteri- 
ence to tend: whereas Sir ifdae affirms, in the very words 
to which he has referred us, that attradion expreffes that 

• P. 355- + P- 367- X Opt. Qj,23 
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force in general by which they tend ; and thefe two are as^ 
diftin<St as a cauie and an effed: can be ; jufl as difFerent, as 
is the tendency of a bullet toward the mark, from the force 
of the gunpowder, by which it is fent from the piece. And 
the following words are fiifficient to prove, that notwith- 
ftanding what Dr. Clarke m^ht think it convenient to fay 
to Mr. Leibnitz y Sir Ifaac did not publijfh his attradion of 
gravity to the world under the notion of an effe<St — "It is 
** enough, fays he, that gravity really exifts, and aSis ac- 
" cording to the laws we have laid down * ;" which an effeSi^ 
I think, can never be faid to do, without a childifh abufe 
of language. 

Let us next examine the opinion of Dr. Cotes y who 
thus appeals to his adverlaries, in behalf of the Newtonian 
gravity — " Would you call gravity an occult caufe^ becaufe 
" the caule of gravity is occult, or not yet found out ?" No, 
certainly I would not : for if its caufe remains yet to be dif- 
covered, I would have obfervcd the caution given by Dr. 
Clarhy and have called it an effeSi^ For if ^avity be a phy- 
fical cauie, we have already gained our purpofe, and the 
fcience of phyfics does not require us to look for another. 
If it be a caufe of ib myfterious a nature, that no phyfical 
account can be given of it, it muft be claiTed among thofe 
occult qualities, which the fcholaflic philoibphers affirmed 
to have a real exiftence, though they were unable to give 
any farther account of them. We have the authority of Dr. 
Cotes however, that ^vity is a caufe^ which was juft now 
affirmed to mean nothing but an ejfeSi ; and the adverfaries 
of this philofbphy were charged with the unreafonablemfs of 
a contrary fuppofition. From what this author hath written, 

* Satij eft quod gravitat revera exiflat, & agat fecandunt leges a nobis expofitas. Prineip. 
p. ult. 
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it appears he never fufpeded gravity to be any thing but a 
caufe, even the moft fimple of caufes, beyond which hu- 
man knowlege cannot poffibly penetrate — ubi ad caufam 
fimplicijftmam perveneriSy ( fuch as he fuppofes gravity to be ) 
jam non licebit ulterius progredi *. He thinks there is a con- 
catenation of phyfical caufes in the world, fome compound- 
ed, others fimple and primary ; but gravity he places among 
the caufas Jtmplkiffimasy and caufas per phcenomena compro- 
batas ; - which latter expreflion fets him in a diredl oppofi- 
tion to Dr. Clarke ; with whom attradion and gravity mean 
nothing but the bare efFed: or phoenomenon itfelf : here, it is 
the caufe proved by the phcenomenon. And it fhould be re- 
membered for the juftification of \^i. Cotes ^ that he wrote 
in the year 1713, Dr. Clarke in 1717. 

Dr. Defaguliers will inform us, that " attraBion and r^- 
" puljion feem to be fettled by the great creator as firft prin- 
^^ciples in nature, that is, as the fix^oi fecond caufes \ (o 
^^ that we are not follicitous about their caufes, but think it 
** enough to deduce other things from them f." This con- 
firms the reflexion I made a while ago ; that attradion is a 
caufe, of which no account can be given ; and that it ferves' 
to keep us under the fame ignorance with the occult quali- 
ties of the fchools. It was for this reafon only, that the 
learned men of the laft age remonftrated againft it with fo 
much earneftnefs ; and Sir IfaaCy in order to remove the 
offence it had given, took the matter a fecond time into 
confideration. When he viewed it in a phyfical light, he 
concluded fi-om fome particular experiments, ^^ that there are 
" agents in nature able to make the particles of bodies ftick 
*^ together by very ftrong attradions j and that it is the bu- 

• Princip. Prcf. p. 9. t P^i^- Traafaft. No. 454. 
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** finefs of experimental philofophy to find them out ;" that 
iSi to find out thofe agents of nature^ which ad: as the im- 
mediate caufes of this attraSiion, By which remarkable con- 
cefllon, Sir Ifaac himfelf, who elfewhere makes attradion 
a force^ and gravity an aSivue principle *, has reduced them 
both to effeSis j encouraging us, at the fame time, to enquire 
experimentally after thofe agents of nature, by which thefe 
effe(^s are brought about ; while Defaguliers his difciple lays 
down attra<flion itfelf as the jirjl of fecond caufes ; and l^t. 
Cotes afiures us, that if we get fo far, jam non licebit ulte- 
rius progredi' 

I F wc afk the opinion of Dr. Friendy he will tell us, 
gravity is an effedt, and attradion is the cauie of it. " This 
^^ attra&ion' (which he had juft before called the force of 
gravity) " they may, if they pleaie, call an occult quality ; 
" and I believe it will always be occult :" yet, in another 
part of the fame difcourfe, he fays " In explaining this gra-^ 
" vity, which is evident to fenfe, Newton hath fer exceeded 
**all other philo:bphers ; having demooflrated it to anfe 
** fix)m an attraSHve force^ which dilperfes itfelf for and 
" wide through all matter f ." From which pafiages, wc 
may learn thefe three things : fidl, that gravity and attrac- 
tion are the fame thing :{:, becaufe the author, fpeaking of 
the vis gravitatis^ calls it — bac attraBio, Secondly, that 
attradHon is an occult quality^ and always like to remain fb. 
Thirdly, that gravity is befi explained by attra&ion -, though-, 
by his firil fuppofition, they are the fame thing ; and thrn 

• Opt. p. 376. 

f Attraftionem hanc (fdl. vim grofvitath) (i ita lubct qualitatem occultam nuncupcrtt, L 
erit, credo, femper occnlu. — In hie quidem gravitate expUcandi^ quam fenfa percipimu^. 
longiilimc omnium proceffit Netwt.ntts; eam quippe a *vi aitra^rice qux per omnem materiam 
ie ondequaque di/Teminat oriri commonftrat. Ubi Aipra. » 

I See the paflage quoted from Dr. Clarki at p. 62, 63. 
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gravity is beft explained by it/elf: by the fecond, attradion 
is allowed to be an occult quality, and he believes it will 
always remain io. Which dodrine comes out jufl as it fhould 
do ; for to explain any thing by an occult quality, is to ex- 
plain it by itfelf : and in this abfurdity, the caufes propofed 
by the mathematical philofophy will all be found to termi- 
nate. 

How opposite to thofe of this laft-named author, were 
the fentiments of the celebrated M. Maupertuis ; who thus 
apologizes to the French academy in behalf of the Newtonian 
attraction — ** Many people, feys he, have been difgufted 
by the word attroElim^ expecting to fee the do<^ne of 
*^ occult qualities revived again in natural philofophy : but 
** in jufticc to Sir Ifaac Newton^ it (hould be remembered, 
" he has never confidered attrac^on as an explanation of the 
** gravity of bodies toward each other : he has frequently 
" warned us, that he employs this term, not to fignify a 
** caufs^ but only an effeA *." Therefore in the judgment 
of this learned man, whofoever recommends attra<^on to us 
as a phyfical caufe^ or an explanation of efie^rs, revives the 
do6brine of occult qualities. 

Lastly, let us hear the c^inion of Mr. Rowning^ a. wri- 
ter who has done much fo-vice to the publick, by giving us 
a regulsir treatife upon natural philofophy in all its branches. 
But alafs ! we ihall find him to have fallen into the fame 
inconfiflency with the other writers who went before him ; 
which i would impute whc^y to the perplexed condition of 
the fubje<ft, and not to any intention of deceiving in the 

* Le mot d'attradion a efiarou he les efprits ; pluiicurs ont craint de voir renaitre dans la 
philofophie la doArine des qualites occaltes ; mais c'eft ur.e juflice qu'on doit rendre a M. 
Newton, il n' a jamais regarde 1' attra&ion comme une explication de la pefanteur des corps 
Ics uns vers fcs antirs, il a ibuvent averti qa'il n* employoit ee terme que poor defigner uii fait, 
& non point une caufe. Vid. Aftron. Pfyf. par Mr. tk Gamnehes. p. 348. . 
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author, ^^It is to be obferved (fays he) that when we ufe 
^' the terms attraEiion or gravitation^ we do not thereby de- 
*^ termine the phyfical caufe of it, as if it proceeded from 
*^ fome fuppofed occult quality in bodies ; but only ufe thofe 
^^ terms to iignify an effecH:, the caufe of which lies out of 
*' the reach of our philofophy. We may fay that the earth 
^^ attrads heavy bodies, though at the fame time w^e are 
^'wholly ignorant whether this is effe(3:ed by fome power 
" ad:ually exifting in the earth or in the bodies, or cxteroal 
"to both.'" 

Now although attraEiion be an unhappy word by which to 
exprefs an effed:, yet i( Mr. Rowning were confiftent with him-^ 
felf in this matter, and carried the thing no farther, it would 
be well enough : but the contrary will foon appear, from 
a few fhort remarks upon this paffage. i^ien we ufe the 
terms attraEiion or gravitation^ we do not thereby determine 
the phyjical caufe of it. Of what ? of attraction ? that is 
not the thing required. We only defire to know, whether 
attradtion really exifts in nature, as a force or adive prin- 
ciple ; and whether we are to underftand it as a caufe of na- 
tural effefts ? or whether it be barely the phosnomenon of a 
tendency or motion, the caufe of which is yet to be fought 
after ? It can never be expefted, that the word attraEiion 
fhould be expreflive of its own caufe ; efpecially if it be one 
of Dr. Cotes\ moft fimple of caufes^ and fuch as hath no de- 
pendence upon any other f. The complaint is this ; that at- 
tradlion is propofed to us as an effed ; but if once admit- 
ted, it is thenceforward forced upon us as a caufe ; as a fo- 
lution of every difficulty j while attradion itfelf is the great- 

•Vol.I. p. 17. 

t Dantor certc primariae corporum affediones, quae fuomam funt primariat non pendent ab 
aliis. Uti/uf, a piece of reafoning altogether fcholaftic. 
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eft difficulty of all. That it is applied as a caufe by Mr, 
Rawningy I £ball £hew hereafter : that it is not to be under- 
ftood as an effe(9:, may be proved from his own definition 
of it. " Matter, fays he, has alfb certain powers or aSiive 
'* principles^ known by the names of attraSiion and repul- 
^^JioTij imprefled upon it by the author of its being, for the 
" better performance of the offices for which it was defign- 
*' ed "f." If attraction, as the author fays ehewhere, be a 
term ufed only to fignify an effe& ; how comes it to be here 
defcribed, as a power or aSiive principle ; which are appel- 
lations utterly repugnant to the notion of a natural effe& P 
can an efFedl perform offices^ and be aSlrue toward the pro- 
dudlion of an effeft? that, furely muft be the work or an 
agent or phyfical caufe ; and attradion muft undoubtedly 
be taken for fuch, if it can be proved to perform any phy- 
fical offices. But, fays Mr. Rowning " we are wholly ignorant 
"whether this is efFedled by fome power, adually exifling 
" in the earth, or in the bodies, or external to both." And 
here he feems to have forgotten his own definition of attrac- 
** tion ; it being a power imprejfed upon matter ; others fay, 
it is in the matter, and that the point has been demonflra- 
ted. But if after all this, we are wholly ignorant, whether 
it be within the matter, or without it, the obfcurity of the 
whole becomes invincible, and attraction can ferve only to 
raife a duft. 

Truth, it is faid, is not to be fpoken ^t all times : but 
fometimes one cannot proceed a ftep without fpeaking it, 
and that is my cafe at prefent. Attraction then, as Mr. Rown- 
ing and others have defined it, is an occult quality, an <^t;$, 
Sbictfus, affe&io, facultas naturalisy vis injita, or any thing in 
that way. But to avoid the imputation of this, fbme after- 

t Uid. p. 12. 
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thought is generally added, to take off, as it were, and qua- 
lify the fenfe of their definition'; which renders the cafe ftiil 
worfe. For if you aflert politively, that matter has an ac- 
tive principle or power in it ; and afterwards confels, you 
cannot tell what it is, where it is, nor the manner in which 
it produces any fingle effedt, or whether it produces any 
effedt at all j then, if ever there was an occult quality main- 
tained in the fchools, attradlion muft be fuch a quality ; 
and Dr. Friend has allowed us the liberty of fo underftand- 
ing it. 

But I promifed to fliew, that although Mr. Rawning be in 
doubt what to call his attradion, yet in practice he applies 
it, not as the phoenotnenon it/elf y but as the caufe of it, and 
for the purpofes of explanation, " The rife of the water in 
" capillary tubes (fays he) is maftifeftly owing to the attrac- 
" tion of thofe particles of the glafs, which lie in the inner 
** furface of the tube immediately above the water *. In his 
account of which experiment, wt have two things clearly 
diftinguiOiable one from the other : the rife of the water in 
the tuhey and the attra&ion of the particles that lie in the 
inner furface of the glafs. The former is the effeft mani- 
feft to foife J the latter is the caufe to which it is manifeftly 
owing. If it fhould be fufpe£led that I m?ifunderftand him ; 
then I fay, attra<EHon muft be either the caufe or the effect : 
if it be the effedt, then to afHrm that the rife of the water 
is manif^flly owing to attrai^ion, is btit to fay in other words, 
that the effeSl is mdnifefUy owing to the effiB, If it be taken 
for the phyfical caufe, and I fliould deny the reality of its 
exiflence, how would you prove it ? you will refer me per- 
haps to the phoenomenon, for that is the common way of rea- 
fbning, and tell me I cannot hdp feeing it. But attraction 

* Vs I. p. 13. 
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i$ not the phoenomcnon ; it is Mr. Rffwnings explanation of 
it. The phoBnpmenon, evident to fenie, is only the rifing of 
tlie water ; the attraction of the glafs, not evident either to 
fenfe or reafon, is fet down as the caufe to which it is ma- 
nifeftly owing : and this caufe, as the author hath affirmed 
ip another place, is a term ufed only to fignify an ef&d:. 

The nature of attraction is fuch, that we have fucceeded 
but very indifferently in this part of our enquiry, as I could 
plainly forcfee we ihould. The fubject is involved in an ob- . 
fcurity, either fludied or unavoidable ; and in all the pair- 
fages I have been able to collect and compare, there is fome- 
thing that appears like a flight of hand, whereby the effect 
is fhifted into the plade of the caufe. As I am unable to 
draw any doctrine from the whole with precifion, it will 
be bed to introduce the authors giving their verdicts in thek 
own words, and leave the reader to his own judgment. 

Sir Ifaac Newton. " Gravity exifts and acts." 
■ Dr. Friend. "In explaining gravity, Newton has dc- 
" monflrated it to arife from an tatractvve fwct^ 

M. Maupertuis. " It fhould be remembered in juftice to 
Sir Ifaac Newton^ he has never confidered attraction as an 
explanation of gravity. He confidcrs it not as a caufe^ but 
as an effect T 

D R. Cotes. " Gravity is the moft fimple of caufes,** 

D R. Clarke. " It has often been diftindly declared, that 
" by the term attraction^ we do not mean to exprefs the 
" caufe of bodies tending tovi^ard each other, but barely the 
" effect, the effect itfelf the phtenomenon^ or matter of fact ^^ 

Dr. Defiguliers. *^^ Attraction feems to be fettled by the 
" great creator as the frfl of fecond caufes^ 

Mr. 
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M R. Raining. " When we ufe the term attraction^ we 
" do not determine the phylical caiife of it, but ufe it to 
** fignify an ejfect : neverthelcfs, to attra<5tion eiFeds are ma- 
<* nifejlly (ming^ 

Sir Ifaac Newton, " There arc agents in nature able to 
" make the particles of bodies flick together by very ftrong 
<* attractions^ and it is the bufineis of experimental phiiofo- 
**phy to find them out." 

D R. Defaguliers, ** We are not fbllicitous about the caufe 
** of attractions^ 

Dr. Friend. **I believe attraction will always be oc- 
« cultr . 

This is the refult of my enquiry: and if any peribn 
fhould be fb inclined, he is welcome to lay all the blame 
upon my want of underftanding. But if thefe learned men,, 
who are all vindicating the felf fame principles of philofo- 
phy, had no clear ideas of what they affirmed, and could 
not underfland one another \ it is no wonder, if the world 
ihould be at fbme lofs to underfland them. 



CHAP. 
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CHAP. III. 

AttraBion^ a material force in the judgment of fome au- 
thors ; an immaterial force in the judgment of others ; 
and fome times both one a fid the oth.?r in the judgment of 
the fame author. 

WE have yet a third queftion to fettle, viz, whether 
attraSiion be a material force, or an immaterial 
one ? and here we fhall have the fame fcene as before ; this 
point being left equally undetermined with the former. In- 
deed nothing can be more evident, than that Sir Ifaac New- 
tony great as he Was, hath offered to the world his thoughts 
on a quefticm of much importance, and taken hoth ftdes of 
it. It is difagreeable to me to fay this ; but it muft be faid, 
becaufe it is certainly true ; and I cannot go forward with- 
out faying it. This, as we (hall find, has divided his fol- 
lowers ; and their difputes with each other in regard to firft- 
principles and fundamentals, have as great an appearance 
of fallibility and uncertainty, as other difputes ufed to have, 
before the fcience of natural philoibphy was enriched with 
demonftration : of which I fhall exhibit a notable inftance, 
from the writings of the celebrated Mr. Maclaurin^ and his 
antagonifl, the author of an enquiry into the nature of the 
human foul. 

But firft let us attend to Sir Ifaac himfelf. There is a 
paffage ia his optics^ wherein he allows, that what he im- 
putes to attraction may be performed by impulfe*. Dr. 
Clarke in his notes on Rohault cites this paflage ; and lefl 

K we 
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we fhould take the impulfe here Ipoken of, to be that of 
fome intervening matter ; he inferts by way of comment 
— non utique corporeo — * declaring, that this impulfe is not 
corporeal j or, in other words, that it is not the impulfe of 
any material agent. We have the fame fentiment from him 
upon another occafion — "It is now allowed on all hands, 
" that gravity does not depend on the adtion of the air or 
" athery but is a primigenial, innate, and unchangeable af- 
" fedion of all matter f." This is in anfwer to the great 
Pr. WalliSy who was of another mind. He fufpeifted that 
gravity, though ufually taken for a primary quality, might 
be owing to the percujpon of fome impelling matter, and 
propoled a ihrewd cafe to countenance his opinion : but I 
forbear to fay any thing farther of it in this place. 

Mg. Rowningy who has laid down the received philofb- 
phy with a& much diligence and fidelity as any man, hath 
affirmed nothing fb expreflly, as that " thefe dijpcfitiom in 
"bodies (fuch he calls gravitation, attradion &;c.) are not 
*.* the refult of any mechanical caufe whatever ; that is, fuch 
" as may arife from the ai^on of any material fubftancet:." 
And he has treated his mathematical readers with a demon- 
Qration, proving the impofHbility of it. Profeflbr S* Grave- 
fandey from wh(^e great abilities we might have expelled 
fpmethiqg more fatisfat^ory, unhappily fell :into the fame 
way of reafoning ; and gave a geometrical demonftration (as 
he thought) that the fpherical figure of a drop of water can- 
not be occafioned by the equal prejfure of any fluid medium. 

• p. SI. 

•\ Veram com jam in confellb fit, gravitatem non ab aere atherevt pendere, fed efle primi- 
g^eniam, connatam, iBunutabilemque materue affiSkmm -ttc. p. 6i. 

X Pref. p. 6. Dr. Catit kath affirmed the fame, in lu» preface to the fecond edition of the 
Printipia—Qraivitttf^tK alii$ nrptrum tjft&iMiiia. gtfut ai»ue cMtfit mechaBicia triputm non 
haitt. p. 9. 

More 
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More authorities to the fame purpoie might eadly be pro- 
duced; but this do<Strine hath been fo largely and confi- 
dently maintained by fo many writers, that I muft have the 
aflent of the learned, if I fet it down as a dodrine of Sir 
Jfaac Newton. 

But then, on the contrary, it is to be remembered, that 
this introducing of immaterial impulfes into the world of 
matter, firfl raifed a clamour againfi his philofophy, as tend- 
it^ to revive all thofe occult qualities, which had been (b 
happily banifhed, but a while before, from all books of na- 
tural philofophy. To obviate this, and to JheWy as the au- 
thor exprefies himfelf, << that he did not take gravity for an 
** eflential property of bodies," be added a queftion concern' 
ing its caufe *. This caufe he fuppofes to be 2ifubtil eetherial 
medium — readily pervading all bodies — ^ expanded through 
all the heavens — caufing the gravity of thofe great bodies 
(the fim, planets, comets &c.) tomards one another ^ and of 
their parts toward their bodies — and fuch as may fuffice to 
impel bodies from the denfer parts of the medium toward the 
rarer with all that power which we call gravity -f*. This, I- 
fay, is propofed as a material caufe. For, is it not a me^ 
dium^ capable of rarity and denftyy fubje^ to a kind oi 
vibrations or pulies? and an immaterial medium would be 
an ens rationisy a philofbphical (pedre, a contradiction in 
terms. 

Herb then, we have two diiFerent fyftems of philoso- 
phy. According to the former of them, all the operations 
of nature are condu£ted by the means of unmechanical and 
immaterial impulfes in a vacuum \ but according to the lat- 
ter, they have as their immediate caufe^ an other expanded 

• Opt. Advert. II. + See Opt. Q;,i8. 19. 20. 21. 
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through all the heavens : and he that fhall take up either 
with the one or the other, or with the one againfl: the other, 
will have Sir Ifaac Newton on his fide. But whoever fhall 
aiTume them both as true, will bring himfelf into great dii- 
trefs and difficulty. 

This was the fate of the ingenious Mr. Maclaurin^ a 
learned and elegant writer, who undertook a formal defence 
of the Newtonian hypothefis againfl all the objedbions that 
had been made to it ; and was well qualified, if any man 
could be fo, . for the undertaking. He underftood his fubje<St 
perfedlly ;, and was fenfible he could never do juftice to the 
principiay without banifhing all material caufes from the 
heavens. This he attempts to do, though it is frequently 
with fbme refcrve, in feveral parts of his treatife ; particu- 
larly in the following words — "as for a more fubtil me-^ 
" dium than the air, no experiments nor obfervations fhew, 
" that there is any here, or in the celeftial fpaces, firom which 
" any (enfible refifiance can arife *." Mr. Machurin was very 
well inclined to admit a material agency in fubordination to 
the firft caufe "f- ; but this falfe doftrine of refiftance tied up 
his hands ; otherwife his work might have been all of a 
piece. As it (lands now, the moft valuable pafiages in it, 
arc fo many contradicSiions to all the reft. After what he 
has &id above who would expe^ to hear him refiedt upon 
" others, who while they overlook the intermediate links in 
" the chain of caufes ^ and haftily refolvc every principle into 
" the immediate influence of the firft caufe, impair the beauty 
" of nature, put an end to our enquiries into the mofi fub- 
" lime farts of philofophy^ and hurt thofe very interefts they 
** would promote J." They do fo moft undoubtedly : but 

• p. 29^. 

t Tlus IS Tery ma ifefi fiom the I4tfa USSma. of hit lafi chapter. | P. 95- 

hath 
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hath not the mathematical philofophy this tendency ? doth it 
not oblige us to deny, againft reafon and our better know- 
lege, that any experiments or objervations Jhew that there is 
a medium more Jubtil than air f hath not Mr. Maclaurin 
himfelf denied it in thefe very- words ? And elfewhere in the 
mod categorical terms, he hath aflerted an abfolute vacuum 
— **Sir Ifaac 7Vira;/^;i's philofophy (fays he) has ihewn, that 
*^ not only there may be, but that there actually is a va- 
^^'cuum — that matter appears to occupy but a very fmall 
^^ portion of fpace */* If this fhould be true, what becomes 
of his chain of caufes? for if there be no medium concerned 
as a fecondary caufe in the motion of the planets &c. it fol- 
fows unavoidably, that there muft either be inherent and 
fclf-moving powers in matter \ or that the influence of the 
firft caufe, muft be immediate \ for there is nothing elfe re- 
maining, and then Mr. Maclaurin^ chain will confift but of 
one link. This is the opinion, which he .thinks, muft ^^/ 
an end to our enquiries into the moji fuHime parts of philofo^ 
phy. And left it fliould be fufpeded, that Sir Ifaac % me- 
thod of philofbphizing has introduced immaterial powers 
and occult qualities, we are afTured by this author, that " he 
" does never affirm or infinuate that a body can aB upon 
** another at a dijiance^ but by the intervention of other bo- 
*^ dies+.'' But his zeal hath carried him a little beyond the 
truth : the thing he here denies, being much more than in- 
famated in thefe words — - *^ Have not the fmall particles of 
bodies "certain powers y virtues, or forces, by ^vhich they 
" a£i at a dijiance^ not only upon the rays of light — but 
" alfb upon one another, for producing a great part of the 
" phcenomena of nature? for it is well known that bodies 
*^ a£i upon one another by the attraSiions of gravity" &c $. 

• p. -j-j. t P- ^09. \ Opt. Q;,31. 

Attrac- 
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Attraction, as a power &^ng af a diftance^ is here 
left in full pofleilion ; not a ly liable being in^rted, as I can 
find, concerning the intervention of other bodies. If this in- 
tervention were admitted, how would it agree with what 
Dr. Clarke has fb frequently inculcated, throughout his notes 
on Rohault\ phyfics ? He flicks not to aflert an impulfus 
non utique corporeus, and an aStio caufs cujufdam immate- 
rialis — per inter jeSium aliquod intervallum &c. fee p. 50. 
Befldes, the fenfe of the whole paflage, would be overthrown 
by Mr. Maclaurin^ fuppofition ; for if other bodies inter- 
vene, then attraction will not be a power a<9ang at a dif- 
tance^ but by a communication of bodies that are in con- 
tad. The author (Sir Ifaac Newton) does indeed inform usi 
a while after, that he ufes this word to fignify only in gene^ 
ral any force * &c. but this does not alter the cafe: for let 
it be a force in general^ yet it hath this particularity in it, 
that it acts at a diflancey which is the nature of an occult 
quality^ and is the very thing that has all along been objecSt- 
ed to. And though Mr. Maclaurin hath taken great pains 
to get handfbmely rid of this unintelligible power, yet is the 
exigence of fuch a power abfe>lutely neceflary upon his own- 
principles. Sir IfaaCy he fays, hath fhewn, that there actually 
is a vacuum^ and that the parts of matter are actually dvui^ 
ded and feparated from each other : after which it would be 
flrange indeed, if they were to a& otherwife than in this 
flate of divifon and Jeparationy that is, at a diflance. When 
he fuppofes, other matto: to intervene y, till the addon will con- 
fifl with mechanifin, be apologizes for a vacuum^ at the cx- 
pence of the principle itfclf ; which by this means is turned 
into a plenum^ whether the author was aware of it or not. 

■ 

• Ibid. 

How 
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How unfeafonably therefore was it obferved by Mr, Ma- 
claurin^ that " poflibly fome unjfkilful men inay have fan- 
" cied, that bodies might attradt each other by fomc charm 
** or unknown virtue, without being impelled or aEied upon 
*^ by other bodies * ;" for if this was not a fancy of Sir Ifaac 
Newton liimfelf, in common 'with fome of the mc^ flalful 
of his followers, the plaineft englifh can have ho meaning, 
I know very well, his writings contain many paflages which 
leem to have a contrary meaning : and his difciples find flich 
an advantage in this, that they have an anfwer ready upon 
all occafions. For example, if you fuppofe the world to 
be ruled by a fubordination bf material inflruments, in op> 
pofition to Sir Ifaac ^ vacuum ; then you are told, there is 
no medium more fubtil than air ; that the heavens are void of 
all fenftble ntatter ; and it i& demonftrated' againft you geo^ 
metrically y that attraction canmt arife from the action of any 
material fubfiance whatfoever. If you fhould lay hold of 
this, and object to attra<^on as a principle occult and unphi- 
lofophicaly then it is only th^ fancy of fome unfkilful men ; and 
Sir Ifaac Newton has plainly fignified, that Be thought that thofe 
powers arofe from the impulfes of a fubtil atherial medium 
that is diffufed over the unwerfe +. Thus you are confuted 
either way ^ and your reafoning is reprefented as crafty^ dif- 
ingenuouSy and unworthy of a phihfcpher %. 

B Y this artifice, Mr. Maclaurin would have quieted all 
our fcruples ; but ieems to have mifcarried in the attempt, 
having been obliged to contradid his author in terminis 3 and 
I may add, himfelf alfo ; as it hath been fu))y proved againft 
him by Mr. Baxter ^ the author of an appendix to an enquiry 
into the nature of the human foul, 

* Vbi/uf. f Madaitriit's Phil. Difc. p. 1 1 1. | See p. i lo. 
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There are two different modes of philofophy before us, 
both of which have Sir Ifaac Newton at the head of them. 
Mr. Maclaunny by efpoufing them botbj fell upon various 
contradictions. Mr. B — is more cautious ; and hath writ- 
ten with fbme warmth on one fide, againft Mr. Maclaurin 
who is on both fides. Where the latter hath really laid him^ 
felf open, he makes good ufe of the opportunity ; without 
confidecing where, and upon wiSo/^, his cenfures will at laft 
be fixed ^. He is clearly of opinion, that the material caufes, 
occafionally introduced by his adverfary, are utterly incon- 
fident with what is eftabUfhed in the principia ; and is there- 
fore a declared enemy to all fubtil matter^ even to that <ether 
of Sir Ifaac^ for which Mr. Maclaurin hath pleaded as hand- 
fbmely as the nature of the thing would admit. "Men of lei- 
" fure (he fays). have. amufed!;the world with wrangling and 
" conteft — by a fucceflion oi fubtil matters from the earlieft 
" times — But it requires only plain fenfe, and a love truth, 
" to fee through the impofition f. It is " injurious, he thinks, 
"to that great man's reputation, to bring in his authority 
** for a thing which he afks only by way of a qwry^ as if 
" he had been> pofitive j". and that it is." an ill office done 
" to his memory." But. this is a. reflexion, which, in my 
humble opinion, his adverfkry did .not deferve : and it fhould 
be confidered in his. vindication, that though a query may 
(hew Sir Jfamc not to have been pofitive about the manner 
in which his medium zB& ; moft certainly it doth alfo fhew, 
he was not pofitive that no fuch thing exifled ; efpecially 
as he hath mentioned an experiment to prove the exiftence 
of. a fubtil matter which has never yet been anfwcrcd J. By 
what authority then is tliis- writer io pofitive? and what 
will be the confequence of it, when it requires only plain 

* See kfftiid. the note at p. 1 13. f P. 66. X See qutry 18. 

finfe. 
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finfe^ and a hue of truth ^ to fee that he is difputing for one 
half of Sir Ifaac Newtouy againil the other half ? The au- 
thority of that great man is indeed like to be killed, not by 
the malice of his enemies, but by the kindnels of his friends ; 
if fome of them think an ill office is done to his memory^ 
while others think they are offering the only expedient vin- 
dication of it. 

This learned author prefents us with the attraSiion of 

cohefion^ as an univerfal phoenomemn^ that ought to filence the 

advocates for material caufes in all cafes * ; and promifes to 

he fiUnty if all the philofophers upon earth can account for it, 

otherwife than by the power of the Deity immediately interefied 

&c. . He judges it very unartful tofuppofe the Deity employing 

one part of matter to move- or dirg£l another part of it -f-, 

though we fee it done every day of our lives. — And that 

no fubtil matter can adfc as the caufe of gnvoity^ ynlefs it 

knifaos what it is doing %. Thefe and fbme other difficulties 

of the fame flze, he thinks to be fb great, that there is no 

fuhterfuge ** : though it might eafily be (hewn, there is not 

one caie of any concern rightly flated throughout his whole 

book ; and that every article he has built upon is confuted 

by experience. Theie confiderations, I prefume, tempted 

Mr. Maclaurin to pals ientence upon his whole iyftem in 

thefe words — ■■ " He has done this valuable fervice, that while 

<< he vainly imagined he improved or compleated it, he really 

*< opened up the fallacy, and reduced it to an abfurdity." 

I propofed it as a queftion, whether attradion be a ma- 
terial force or an immaterial one ? and we have now con- 
fulted thofe writers, who ought to have fettled the point for 
us. If Sir Ifaac hath really eftahtifhed any thing on either 

• p. 62. t p. 49, t P. H7- **. Ibid. 
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fide, in regard to phyflcal caufes, it is aftonifhing his follow- 
ers have not fixed upon it, and recommended it to the pub- 
lick with one confent ; especially if there be any thing of 
importance depending upon it. But if, on the other hand, 
tjie fentiments of their ma(^r have given pccafion to tbdfe 
difputes, and his writings^ have furnifhed them with argu- 
ments on both fides ; then he himfelf is chargeable with 
(bme inconfift^ncy ; and a general agreem^it among them, 
in fuch a cafe, would be a» much to be wondered at. That 
tins letter is the true caule of all their difagreement, w^l b^ 
evident to any reader, who is not fa far influenced by the 
current authority, as to be deterred from making i)fe of hf§ 
own reafbn. P<v if you learn from one page, that it is part 
of the bufinds of a phik>fbpher to unfold the mechanijm of 
the world *, and that an atheria} meSum may fuffi^e to im- 
pel bodies if } in another it is hinted to you, that the fmall 
particle^ of bodies may have c^tain powers by which they 
a£i at a di/kmoe -. — ^ atiraSHons 1^. If you are informed iq 
one place, that when the rays of Kght are refibde4 fioin the 
fecond fur face of a gl^ kid upon an exhaufied receiver y 
this total refie»im ought to proceed fix)m the vigour and 
denfity of the meditim beyond' toe glaff**.-'on\y obf«ve whq:e. 
the fame experiment is mentioned in another place, and you 
will finc^'the light is now drawn backj aiid'^at, by the 
pov^r of the glafsy there being nothing elfe to, turn it back ++ ; 
though a white ago there was a medittm to perfbrm this, 
endued witk vigour and denfity. It is fuggefled, diat diis 
medium may adl upon liglit-fo as to refkEi and refra^ it JJ. 
and that the light- in its turn may re-ad upon the medium 
fo as to fiir up vibrations in it: but fbott after, it becomes 

• Opt. 3d /<i/. p. 344. t Qt*«- t Qt3'' ** Qt'9- 

tt 0^29. XX Q:.i8. 20. 
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<* intoncei^kblej haW two tethers can be difFuied through all 
**fpiice, one of which ddts upon the other, and by confe- 
<* quence is fe<^a3;ed upon, without retarding, Shattering, 
<< difperfing, and confounding one anothers motions *." 

I could multiply inftances of this fort, wherein the cele* 
brdted author has pulled down with one hand, what he had 
built up With the other : but if men will dare to ufe theit 
own rodbn, ds I ikid before, they may eafily ot^rve theic 
things for themfelves. 

If we go from Sir I/aac to his followers, there the 

coofbiion will be flill more manifeft. Drs. CoieSf Clarke^ 

Derbami Keily Friend, Difagulkri^ Mr^ Rownir^ &c. in- 

flrufb us, that matter hds p&wersi forces, prittcipksy affeSikns^ 

properties, imprejjtd upon it, fuperadded to if, or inherent 

in it \ and tbat God, when he created the w^ldj infptrited 

the mateiHoU of it with an a&ive quality. This Wa» the ofif 

ginal dofltine of the mathematic philofbphy, and the fenfe 

in which it was firft embraced, by the learned. As it gave- 

birth to many ill-'&vouired reflexio6s, it 19 now alinoft out 

of iadsioD; and Mr. Maclaurin rifes up to rihdicate Sir 

Ifadc^ by a fubftitution of bi» fubtil eether, as th6 nic^hanio^ 

and immediate caufe c£ all that had been fajfly imput^ to 

jittraBufff by Unfiilful men.- Tins Airs up the indj^iation 

of ainotber ; who> out of the higbeft regard to th6 memory of 

Sir IfaaCi pvlls this vindication of him all to pieces^ repre-^ 

ients it 96 worfe than none! at all, reje6):9 ill fubtH matter 

ifi.thc' lump, and tecomnhends the immediate influence of the 

Deity, as.thd grand di£:overy, and the only ewe for alt dif*- 

'prites.r But for hi». pains, he is^ inftru£led in his turn, that 

hiR own labours have only ferv^ to open up the fallacy of 

* P' iS9' 
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his fcheme^ and reduce the whole to an abfurdity. There have 
been heavy complaints, that the philofbphy of Sir Ifaac hath 
been depreciated and even ridiculed *. • And is it not enough 
to diicompofe the mufcles of an hermit, to (ee nven thus no- 
torioufly contradi<5fcing one another, and all gravely pretend- 
ing* to authority and detmnftration I They tell us, there has 
been a great difcovery of late years in natural philofbphy ; it 
having been found at length, after the world had been in 
ignorance for many ages, that all matter is endued with at- 
traSfion. If you afk them what they mean by it ; it is — 
an innate virtue or afFedion of matter; while others affirm, 
matter can have no fuch affedions. It is the mofl fimple 
of caufesy and an effeSiy the caufe of which is unknown ; it 
is owing to the agency of 2ifuhtU medium ; and it is efledted 
by the immediate influence of the Deity : and if you do not 
believe this principle, and make ufe di it to explain every 
thing, you are out of the faOiion, and what you have to fay 
will be very coldly regarded. 

A s we cannot poflibly believe all thefe opinions, we are 
not bound to believe any one of them iipon the- bare author 
rity of Sir Ifaac Newton. If we are to receive one of his 
opinions in this way, why not another ? the authority which 
is broken through in one article, will at leafl be queftioned 
in every other. If it be faid, we have reafbn to prefer fbme 
of his fentiments to others ; then we are influenced, not by 
authority, but by reafbn or evidence ; and hitherto I would 
willingly bring this matter. Reaibn and evidence mufl de- 
termine us at lafl, though the feme of Sir Jfaac Newton 
were as univerfal now as that of Ariflotle was formerly. His 
warmefl friends take this liberty with him. Mr. Maclaurin 

* PhiloT. Difcov. p. I lo. 
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rejeifh his immaterial powers aSiing at a difiante\ Mr. Baxter 
makes as free with his medium, yet is greatly difpleafed with 
his adverfary for leficning Sir Ifaacs authority. But they treat 
the publick with fome difingenuity, if they would overbear 
the judgment of others by that authority, which, as it ap- 
pears from their own pradice, hath had fo little influence 
upon themfelves. They chufe their own fentiments, as in- 
clination or paffion direds j and then delire us quietly to 
reft upon the authority of Sir Ifaac\ though one of thefe 
has robbed him of his attraSiion^ the other of his medium ; 
and thus, between them both, they have left us nothing to 
follow. 

I F the learned were but once perfuaded, that God doth 
govern the natural world by a delegation of material inftru- 
ments, which feems to have been one of the opinions of Sir 
Ifaac^ at leaft, it was an opinion held by Mr. Maclaurin in 
his name ; and could be brought to fee any errors in the 
dodrine of refrftance ; fbmething, I am convinced, might 
yet be done, either in this or the fucceeding age, to render 
natural knowlege more ferviceable to people of all clafles 
than it is at prefent ; chiefly, becaufe the enquirers of the& 
times would no longer have their hands tied up by an ima- 
ginary infallibility in thofe who have gone before them ; the 
admitting of which has always been attended with fatal ef- 
feds : they might then rejed fuch principles as are mani- 
feftly falfe, and put a Jiop to their enquiriesy and take ad- 
vantage of the reft; in common. 

It is ftill believed however by very many, either that 
matter, though inert, is endued with adlive qualities; or 
that the influence of the Deity is immediate in the produc- 
tion of all natural effeds. By the former of thefe pofitions, 
we allow to dead matter a power that is denied even to God 
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himfelf * : by the latter of them, we are direfted to read 
nature backward ; to begin where we ought to have ended ; 
and in fupport of fuch procedure, are obliged to annihilate 
the far greater half of the creation. I fhall therefore go on 
to examine, how far thefe portions are fupported by ma- 
thematical evidence. 
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CHAP. IV. 

The attraSiion of gravity, underflood as an univerfal property 
or quality in the farts of matter ^ hath received no proof 
from geometry. 

"V T T E have been alTured from every quarter, that the 
yy modern dodrine of phyfical caufes has all the evi- 
dence that can be defircd from experiment, and is abuu'^ 
dandy confirmed by the moft ftrid mathematical reafoning. 
That this dodrine deduced analytically from obfervation; 
then applied fynthctically to the explication of the various 
phcenomena : and its impregnability in thefe refpedls has been 
boafred of, I will not iay infblently, but confidently enough 
I am fure, by all its admirers great and fmall, from the learn- 
ed, who think it refts on the firm bafis of geometry itfclf, 
down to our mere Englifh mathematicians, who declare it as 
their opinion, that ^^never a pbilofopher hforel^ewton ever took 

* Omniprxfens eft non per viriuttm itA*m, Ml ctiam per fiihfiaiitiam : nam virtas fine fub- 
ftantia AibMere non potefl. Jftwt. juindf, .{^>aL gea. 

■ ■ • 
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*< the method that he did — that it is a mere joke to talk of a 
" new fhikfophy — and that in thefe unhapfy days of igfio- 
" ranee and avarice^ Minerva has given f lace to Pluto," mean- 
ing Plutus *. 

These pretenfions, whether of the learned or unlearned, 
deferve a ferious examination. Experiment is nothing left 
than matter of fad, which if not mifreprefented, is the beft 
fort of argument in the world : and a mathematical conclu- 
fion, if deduced from real data, is not eafily overthrown. 
Something has already" been faid of mathematical evi- 
dence, in the former part of this treatife; therefore I have 
the leis to fay of it in this place. And indeed, very little 
need be faid, if the theory of rcfiftance be a fallacy, as I 
have fully proved it to be ; for that is the thing generally 
aimed at by thofe, who fpeak of mathematical demonftra- 
ftons. It may nevertheless be ufeful to remark, that no phy- 
fical principles nvhatever can poffibly be colle<ftcd from geo- 
metry. Every particular fcience hath principles peculiar to 
itfelf, and independent of every other. No example can be 
given of the contrary, within the whole circle of the fci- 
ences. How abilird would it appear^ if we were told of the 
mufical principles of phyfic, the medicinal principles of the 
civil law, the ^mmatical principles of aftronomy ? &c. 
And mathematical principles of natural philofophy, if phy- 
fical caufes arc fuppofed to be included, will be equally un- 
natural ; as tiic moft ikilful mathematicians have been ready 
enough to confers. '* Geometry, lays Mr. Maclaurin^ can 
** be of little ufe in natural philofi>phy, till data are collected 
** to build upon +.*' Thefe data, I prefume, are to be ob- 

* See the preface to Emerfiifi treatife on mttbemcs. The book is very ingenious and.u&ful 
in its way, and the author appears to underfiand his fubjcifl ; bi:t when he decides thus nia- 
gifterially upon philcfophy ip general, it is -^fiutr u&rkcrtftiiiftm, f P. 35. 

tained 




88 ATTRACTION and GRAVITY 

tained from natural philofophy, as a (cience circumfcribed 
within its own proper bounds. A method of invefligation, 
ftridtly phyfical, fhould £rfl be fubmitted to ; and the refuit 
of that be examined and fettled, prior to all that can be 
done in geometry ; the application of which, may be of ex- 
cellent uie to illuftrate and adapt to particular cafes what 
hath gone before ; but will add neither demonftration nor 
confirmation to it. For a geometrician can work with ima- 
ginary or hypothetical forces as well as with real ones ; the 
operation will go on as iinoothly, and the conclufion come 
out as readily in one cafe as in the other. No man feems to 
have been better perfuaded of this, than Sir Ifaac Newton 
himfelf^ His followers indeed will afTure us, he has unde- 
niably proved one fpecies of attra<Skion to be difFufed through 
the whole planetary fyftem *, But the author himfelf knew 
better. He declares more than once, that the principles, laid 
down by him in his jdemonftrative work, were not phy^cal 
but purely mathematical f, as the title implies: and with 
r^ard to gravity or attradtiqn in particular, he is fo far from 
{M'etending to have demonflrated the exiflence of any real 
phyfical caufe under that term, that his definitioa of it is fb 
loofe, as to leave us quite at liberty about it. We may take 
it as a drawing, an impulfe, or a tendency of any kind to- 
ward a centre. When he coniidered it phyfically, he thought 
a medium might fuifice to impel bodies, and anfwer all the 
purpoles of that attraction, which as it ftands in tiis princi- 
pia, is a caufe barely iiypothetical. Should it be imagined, 
that attradion, as a caufe, power, or principle, had been 
eflablifhed by demonflration ; the author will be fet in a 
very difadvantageous Hght, who could firft demonfirate at- 
tradion, and then enquire about it. 

* FfYM/. Chym. Led. p. i8o. f P. 356. 

But 
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But there is one circumftance that will put this whole 
affair out of doubt. It is well known, that the attradion 
fuppofed in the principia, is mutual between all bodies what- 
foever. If the earth attracts the moon, the moon in its turn 
attrads the earth ; if the fun attra<Sb the planets, the pla- 
nets alfo attract the fun j and this attradion always follows 
the proportion of the quantities of matter in the attraAing 
bodies. As a neceflary confequence of this, the fun will be 
perpetually fbifting its place, and be moved (bmetimes to this 
fide of the common center of gravity, ibmetimes to that, as 
he happens to be influenced by a different fituation of the 
planets*. 

Now I beg leave to compare this with what is faid of 
an setherial medium in the treatife of cities. This rmedium 
is fuppofed to be rarefi at the body of the fun ; but to in- 
creafe in denfity through all the difbnces from the fun to 
Saturn and beyond ; and that it may fuffice to impel bodies 
from the denfer parts of the medium toward the rarer, with 
all that power which we call gravity f . All this is very juft : 
the preflure of fuch a medium will undol^btebly be greateft 
on that fide of the planets, which is turned from the fun 5 
and all bodies will naturally be carried to that fide, where 
the prefTure is weakeff ; that is, toward the fun. But vvhat 
is-iDccpme of the Cuns mutual' gravity in fuch a cafe? for 
if he gravitates toward the planets, we muft contradift this 
mechanical rule, and fay, bodies will be impelled from the 
rarer parts of the'Medhim toward the denfer ; without which, 
the' fun, being already in the rareft part, muft for ever be 
at reft. Sir I/aac either did fee this confequence, or he did 

*, Sol,, pro.'vario planetarvm fitu, in omnes paries movebitur. Priim'f. p* 374- • ■, 
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not. That he did not fee the plainefl coixfequences of his 
own reaibning, few will be ready to admit : if he did, he 
gave up mutual gravity to all intents and purpofes ; but this 
he never could have done, had he thought it to have been 
mathematically demonflrated. 

I hope I {hall not be mifunderftood in this a^r. It ap- 
pears to mc, that gravity is no property of matter, becaufe 
it is not univerfal ; , and I have compared ibme paflages, to 
fhcw it was not univerfal in the , opinion of Sir Ifcuit him- 
felf ; provided only he faw the cQnlequence of his own rca- 
fbning, which will hardly be difputed. But while I am per- 
fuaded, that the fun neither does, nor can poflibly, gravi- 
tate, toward the planets, for the very reafon given by Sir Ifaac 
Newton, I am far ftx>m • denying that the planets tend to- 
ward the fun, and toward each other : it is highly reafbn- 
able, with fome proper reftri^ions, they fhould do ib ; and 
experience, . I believe, will convince any afironomer of the 
fa^. As the world {lands, indebted to the genius of that 
great geometrician for, this discovery, let the learned obtain 
from it what light they can ia aicertaining the phoenomena, 
and let him have all the honour of it. But never let it be 
a pretence for Addling us with occult powers in iblid mat- 
ter ; if his followers make that ufe of it, they will gain no 
credit to their mz&er in the end ; and hitherto they have 
gained but little to themf^lves by it, as it muft have appeared 
from what hath been faid ; in all which, I hope diere hath 
been on my part ho mixture of envy or jvejudicc ; unlefs 
matters of fad, and plain argumentation* are ib to be inter- 
preted. 

W E are to conclude then, that the attradion of gravity, 
underftood as an univerfal property of matter, is void of all 

geome- 
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geometrical evidence. If Sir Ifaac Newton hath left this af- 
fair undecided, kio other geometrician, of this age or the 
next, is like to fupply his defeds : and yet every fmatterer 
almoft in natural philoibphy is perfliaded he can make it 
out againft all opposition. The ground and reafon of which 
miftake I apprehend to be this; that many of our geome^ 
tricians, am&tious of dilating to us about the caufes and 
firft iprings of nature, while their art can reach only to the 
meafure of ibme of its effeSis^ have not been careful to dii* 
dnguifh, how far a mathematical conclufion will extend, 
and hpw far not. Hypcrtdnetidil forces or real ones, as it was 
obierved above> will equally afford matter for an aflronomer 
to work upon*. For example, if the moon, as flie moves 
in her orbit, is imagined to be influenced by forces ading 
in lines .wfaicih tend toward the centers of the earth and fun ; 
then the different indinadbns of her orbit to ithe edtptic, the 
insular motion of her nodes, her retardation about the 
quadratures, her acceleration about the conjunctions &c. may 
foUow by the rules of geometry. Upon thefe principles, Sir 
Ifi^ae Nevtun is luuvor^y sdlowed to have accounted for 
tht lunar irregubrities with ^reat iagacity, and, as an aflro^ 
nomer, to have left that matter in a mudi abetter ftate than 
he found it ; though it is not yet perfected. But what thefe 
forces are in fpecial, and in what manner they aA; whe- 
ther as an adive immaterial virtue, exerted through a void 
fpace, from the centers of the earth and fun j or as a prel^ 
fure of fome etherial medium acting in lines toward thofe 
centers ; none of his reafbnings have determined for us. So 

* Ncque neceffe putant, ut hypothcfes iliac verae fint, imo ne vcrifimiles quidem, fed fufficit 
hoc uaunii ut c^lculum obfervationibus congruentem exhibeant. Horrocc. Op. Poll. 179. 

■ I ■ 
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far from it, that we find his principia inclining to one fide, 
«iid his phyfical queries to the other. And I may appeal to 
the judgment of any ingenuous man, fufficiently verfed in 
mathematical ftudies, whether the phcenomena above-men- 
tioned may not arife fi-om a preffure behind^ as well as from 
an attradion before ; and whether Sir Ifaac% geometrical rea- 
ibning will not be as conclufive in the one cafe ais in the other ? 
How comes it then to hare been publifhed to the world> 
that " one fpecies of attraction hath been undeniably proved 
" to be difFufed through the whole planetary fyftem ?" This 
having been no more proved by any of his arguments, than 
that one fpecies oi impulfe or preffure is diffufed thro' the 
whole planetary iyflem; and for the truth of this, I may 
refer to . the definition^ where the ternos ottraBion and //»- 
pulfe aretaken indifierently, and are to be ib taken through- 
out the, Wiiole book ;. other wife this can ahfwer no purpofe 
as a definition. That ;fome force prevails, and in fuch parti- 
cular diredions, is capable of demonflration : but the rea- 
foning and obfervation, which only prove the exiftehce of 
fome fOTce in general, will never demohftrate that of attrac- 
tion to be the force ! in particular. So that nothing farther 
need be faid in.this way. . Let us now go on to experiment. 
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7/5^ attraStion of gravity -^ underjlood as an unwerfal property 
or quality in the parts of matter^ is not agreeable to ex- 
periment and obfervation. 

NO experience has hitherto fhewn us, that what is 
-called the attraSlrve force of the fun and planets, is 
anfwerable to their quantities of folid matter. Their bulk, 
as computed from their reipedHve diftances and apparent 
diameters, is far from yielding a proportion of gravity fb 
uniform as might have been expefted. Gravity toward the 
earth proves to be much greater in proportion to the bulk 
of the earth, than gravity toward the fun, or any of the 
primary planets. This feems to be a great difficulty in the 
hypothefis of gravity. But how eafily is it reconciled, if we 
are allowed to alter the denjity of the heavenly bodies, and 
by this means bring their quantities of matter to an agree- 
ment with the hypothefis 1 The fat of. a favourite philofo- 
pher can fo reduce the denfity of the folid matter in the bo- 
dy of the fun, that the denlity of the earth {hall be four 
times greater ; and then the attradbive power of the fun Ihall 
exadlly anfwer to his quantity of folid matter : and the fame 
liberty muft be taken with the other great bodies of the folar 
fyftem. Their denfity muft be accommodated to their ac- 
tractive powers : then if their attractive powers be taken for 
granted, their denfities will pafs for a difcovery. Thus great 
men amufe themfelves and the world by arguing in a circle, 
or proving the truth of a propofiti6n by the conclufions thqr 
have drawn from it : for unleis you admit of this denfity, 

which 
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which arbitrarily, and without any obfervations to fupport 
it, is accommodated to the hypothefis of gravity ; that hy- 
pothecs will labour under a difagreement with obferva- 
tion. 

That there may be (bme fliew of experience however in 
all this, it is intimated that the fun mufl needs be rarer 
than the earth, becaufe of the immenfe heat of his body *. 
But the planet Jupiter^ whole body muft be exceedingly 
colder than that of the earth, appears from his attra<5tive 
power upon his fatellices-h to be much rarer than the fun, 
and Saturn rarer ftill ; which circumftances are very urtpro- 
miflng } and if gravity be admitted here as the fole agent, 
we are conducted to a fort of philoibphy, that blows hot 
and cold, againfl all reafon and experiment. Def-Cartes was 
of opinion^ that the denfity of the planets muft naturally 
increafe as they are more remote from the fun i and furely 
this is more reafonable than the contrary ; it being an obfer* 
vation, to the beft of our knowlege univerlally true, that bo^ 
dies are rarefied by heat, and condenied by cold ; the feem** 
ing rarefa^on of ice not excepted. 

That the gravity of bodies is in all cales as their quantities 
of folid matter, is rendered very doubtful, if not abiblutely 
falfe, by ibme chemical experiments, and has been doubtea 
of by perfbns of no ordinary ikill in geometry and natural 
philoibphy. Mr. Maclaurin^ among the reft, thinks we can 
affirm this, only when we compare bodies of the fame hnd%^ 

• Nam per ineentem fuujn calorcm fol ratefcit. Pfiucip. p. 372. 

f The mcthoa Sir I/aac made ufe of to inveftigate this mathematically, is laid down, In a 
manner as eafy as the thing if capable of, by Dr. John Clarke, in hit iemomfirtaion tf Sir I£iac 
Newton*/ principles of philofopbj, 8vo. p. 301. &C. confu't alfo Mr, MaJaurin^s account Sec. 
p. z88. Sec. 

X This agrees cxaftly with a definition given by Plato ^^tteart^ %t t*/ Ti/am« Tvy^vH ^x*^/^ 
fiiufi iSn^im^f fAift TO t« wXti§9»tf TON ATTHN ^rir«f . jfrijf. de Ccclo. Lib. 4. C. 2. 
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HoMBERG*s experiment on the regulus of antimony, and 
the fuccefs of it, is a thing generally known. He cxpoied 
ibme of this matter to be calcined by the great burning glais 
of the duke of Orleans^ and found it had gained in the 
operation one tenth part in weight. Homberg made this ex- 
periment and fome others like to it, with the expedation of 
being able in due time to produce gold. But truth is of 
much greater value, and if we can produce any of that 
from it, let us leave all the gold to the adepts. Some re- 
late the experiment thus — If a mafs of regulus of antimo- 
ny, of a pound weight, be pulverifed, and calcined at the 
focus of a burning glais of a Paris-ioc/t in diameter, the 
weight of the mafs will be increafed by one tenth ; though 
during the whole time of the operation, which laJds about 
an hour, the regulus fends up a thick fmoke, and thereby 
loies a confiderable part of its own proper fubflance. 

There are, I think, but two poflible ways of accounting 
£ov this effect. 1 . If the quantity of matter be the fame af- 
ter calcination, or fomething lefs ( the fmoke being allowed 
for) than it was before, while the gravity of the whole is 
become greater, then the gravity does not follow the quan- 
tity, and coniequently it is no property of the matter. 2 . If 
there be an increafe of the ma^ it can be imputed to no- 
thing but the matter of light or fire entangled in its paflage 
through the fubflance, and lb fixt in its pores or combined 
with its fblid parts, as to gravitate together with it. On this 
latter fuppofition, the matter of fire mufl have a denfity, 
which will introduce great confufion into the dod:rine of a 
vacuum. But to come flill nearer to the purpofe ; it will 
alfo be faid, that if this fire did not gravitate, till it was fixt 
in the metal, (and it will be hard to prove that it did) then 
we have a fluid, which gravitates in fome cafes and not in 

others : 
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others : fo that the fame conclufion offers itfelf, which way 
foever the experiment is interpreted. It -will be vain to fup- 
pofe, that any heterogeneous matter floating in the air, or 
that the air itfelf, is hurried into the mafs by the adion of 
the fire, and the weight increaied by this means. , For it is 
known experimentally, that if a quantity, of metal be even 
hermetically fecured within a veflel of glafe Xo keep off the 
air and all foreign matter, and the veflel be placed for fome- 
time in a fbong fire, it will exhibit the fame effedt. I have 
feen the operation performed on two ounces oF pewter-filings, 
hermetically fealed up in a florence-flafk, which in two hours 
gained 55 grainis, that is, nearly ^^th * : had it remained lon- 
ger in the fire, it might pofllbly have gained fbmething more. 
The calx of lead, commojily known by the name of red- 
lead, is reckoned to gain one tenth ; at which rate, i olb. .of 
fire will be fixed in loolb. of lead. If this trial were made 
in ten thoufend different places of the world at once, and 
repeated an hundred times in a year, .no reafbn can be given 
why it fhould not fucceed. But the quantity of fire thus 
imbibed, allowing the proportion above-mentioned, would 
amount to 10,000,000 lb; which according to the modem 
law of gravity is more than ought to replenifh the whole 
orbit of Saturn. Yet, I prefume, the heavens and the earth 
would be as plentifully flored, to all intents and purpofes, 
with this element as they were before : fires would burnj 
the fun would fhine, and electrical experiments fucceed in 
all places jufl as they do now. 

• In one experiment of Mr. Boylt on copper filings, the increafe by fire was 49 that is, 

4So> 

fomething better than one teafb. In another, an ounce of tin calcined gained a drachm, that 
is, ir ^ and fteel filings more than — tb. See iu exjtrimt»t> to maktfirt and fiami pondtrabk. 
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As a fequel to what has here been obferved concerning 
the impregnation of folid fubftances with the particles of 
fire, and particularly that of minium or red lead ; give me 
•leave to fubjoin an experiment of Mr. De Stairy which I 
borrow from the excellent Niewentyt, He tells us, that up> 
on heating red lead in a glais (from whence the air was ex- 
haufted ) by the rays of the fun colleded in a burning glafs, 
the veflel, in which the faid red lead was contained, bufft in 
pieces with a great nolle *. Now as all explosions in general 
mull be afcribed either to an admifHon of the air into a ra- 
refied ipace, or to what is called a generation o£ it ; and as it 
was not admitted upon this occafion, it mufl have been 
generated fiom the calx within the vefiel : and certainly was 
jb, becauie Dr. Hales has made it appear, that this fub- 
ftance, like crude tartar and many others, will yield a con- 
fiderable quantity of air in diftillation f. What went into 
the metal therefore as fa'e, comes out of it again as air ; 
ivhich in a manner forces us upon a conclufion, of inefti- 
mable value in natural philofophy, and fuch as may carry 
us very far into what Mr. Maclaurin has termed, with great 
judgment, the moft fublime part of it. The ingenious ex- 
periments of Dr. Hales fcem to have given him a fight of 
\K ; as I conjeAure from his having mentioned on this occa- 
fion, the aerial particles of fire %, The force of all the ful- 
minating powders, the violent ebullition of fome mixtures, 
the fudden accenfion of others, the inflammability of oils 
and other combuftible matters, together with the tafte, 
ftrength, and fermentation of liquors, the operation of men- 
ftruums &c. do all fuggeft the fame thing j and might, 
with great appearance, of reafon, be deduced from one and 

• P-3H' 'I" ^'cg- Stat. p. 287. t Ib^d. p. 286. 
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the fame principle, if this were a proper place for enlarging 
upon it. 

I had a defign of bringing in here another feries of ex- 
periments, to lliew that the gravity of bodies, where thofe 
bodies are of different kinds, is not in the diredt ratio of 
their actual quantities of matter. But thefe are fo very cri- 
tical, as to require perhaps a knowlege of the intimate con- 
ftitution of bodies to judge of them properly : and my con- 
cluiion, fuppofing it to be true, would not be very obvious. 
It is therefore better wholly to omit them ; for why fhould 
we lay a flrefs upon any thing not fufEciently clear and 
plain, when there is evidence ready at hand, the force of 
which may be apprehended by readers of all clafles ? It is 
wifely ordered by the divine providence, that what is mofl 
ncceflary to be known of nature, is generally the mofl eafy 
to be underflood : and if I aflert that " gravity is no univerfal 
" quality of matter, becaufe all matter does not gravitate," 
I may have recourfe to a phoenomenon of equal extent with 
the creation itfelf ; and which, without an hyperbole, is as 
clear as the fun at noon-day. 

Gravity, it has been faid *, is the " quality of all bo- 
"dies on which any experiments have been made;" and 
that as bodies near the earth gravitate toward the earth, fo 
all " bodies in the heavens gravitate toward the fun +." But 
if we believe this, there is an end of all experience : for, 
fuppofing this to be true, not one atom of light could ever 
come to us from the body of the fun. Who would under- 
take to prove, that the air of our atmofphere did gravitate 
toward the earth, if it were inceflantly flying off from it 
toward the moon and the other planets } This is the cafe 

• Princip. Lib. 3. prop. 6. Cor. 2. + Ibid. p. 469. 
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with the atmofphcre of the fun, A flood of matter is fent 
off every moment with immenfe rapidity, from his orb, in 
a diredion oppoiite to that of gravitating bodies ; and in fo 
large a quantity, that no (pace however fmall could be af- 
fumed within the whole folar lyftem, where the point of a 
needle could be oppoied to the fun, without flopping fome 
thoufands or millions of the particles thus fent from him. 
So long as the fun fhines, a man muft do violence to his 
own fenfes, if he can believe a centripetal tendency to be 
the quality of all , matter ; when the matter, void of that 
quality, is in all appearance as far fuperior in quantity to 
the matter pofleffed of it, as the whole globe of the earth 
to an ordinary mountain. But be the quantity great or fmall, 
if the folar light is only allowed to be a material fubftance, 
the concluflon will hold good. 

, This grand objection to the gravitarian hypothefis has 
never been dated, or diredly replied to, in the philofophical 
works of Sir Ifaac Newton ; and is generally paffed over in 
filence by all his profelytes j though there is nothing more 
worthy of admiration, nor more beneficial to mankind, in 
the whole ceconomy of created things, than the conftant 
emiflion of light from the fun. 

There are indeed two arguments, if they can be called 
fuch, by which our attention feems to be tacitly called off 
from this difficulty. They are certainly of no great impor- 
tance in themfelves ; but by pafling through the pen of Sir 
Ifaac Newton^ they are rendered too confiderable to be neg- 
leded. The firft is a pofition borrowed from Arijlotle and 
Des-CarteSj that ^' matter differs from matter only in form, 
" retaining all other properties in common "^.'^ But this can- 
not be admitted without fome proof j becaufe it is the very 

• p. 16%. 
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point in quei^ion. That gravity is one of thofe properties 
which are retained in common, though the form of the 
matter be different, is an article, which has never yet been 
proved ; and I humbly think, never will be, the propaga- 
tion of light from the fun being a pofitive inftance to the 
contrary. It would be weak to oppofe an unfupported afiier- 
tion, a mere logical fubtilty, to (o plain and important a matter 
of fadt, the conclufion from which is (6 vifible, that nothing 
but art or prejudice can avoid it : it depends not on words, 
but on the vifible conftitution of things, and offers itfelf to 
the common oblervation of all men in the great out-lines 
of nature. 

Another method of evading this difficulty, is, to reprefent 
the element of fire, or matter df light, as a mere nothing ; a^ 
fubflancCf which may occupy a fpacc in (o lingular a man- 
ner, as to leave it empty * : and it feems to be queftioned, 
• whether a reader will recoiled that there is fuch a fluid as that 
of light in the Iblar fyftem -f. Where we might have hoped 
to receive from fo maflerly an hand fbrae ii^lrudion con- 
cerning the nature and ufes of this wonderful fluid, we are 
amufed with a long account of tranfmutations, unnatural 
and romantic, founded on an experiment of Mr. Boyle, in 
which he thought he had obtained fixed earth from water. 
But Boerhaave % carefully examined this, and found it to be a 
miflake. Hence however Sir Ifaac inferred, that as water is 
turned into earth, fo grofs bodies are turned into light, and 
light into bodies'^* : though by a jvinciple adopted on another 

• Empty ctltftial /pacts. Opt. Q^2I. 

f Si FORTE vapores longe tenuiffimos, & trajedos LUCIS radios excipias. p. 328. Princ. 
I See Shatu't edition o( Bttrhtufvt'i chemiftry. V. t. p. 471. 

** Mr. Boyle has an hydroftatical experiment to prove, that when the weight of any metal 
is tncrcafed by fire, the fire is not tumtdinto metal. 
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occafion, all this is rendered very improbable, if not altogether 
impoflible. He is of opinion, that the primitive particles of 
bodies vi^ill '^compofe bodies of one and the fame nature 
" and texture in all ages * ;" with which all tranfmutations 
whatfoever are inconliftent. In fhort, the matter of light 
feems to have been but a troublefome gueft in the mathe- 
matic philofophy) though the author of it was indebted to 
it for the beil and mod durable part of his reputation. And 
long may it fail ; it is no intereft of mine to wifh that the 
£cklenefs and inconflancy of mankind may ever deprive him 
of it. He afks '* Is not fire a body heated fo hot, as to e- 
" mit light copioufly ? for what elfc is a red-hot iron than 
** fire f ?" Let us anfwer this, by putting a like queftion 
concerning the element of water. " Is not water a body 
" wetted fo much, as to wet every thing elfe copioufly ? for 
f* what elfe is a wet fjwnge than water ?" In this latter ex- 
ample every perfon will allow the fponge to be a diftind bo- 
dy from the water, containing that element in its vacuities. 
Now fire is as truly an objeA of fenfe as water ; and hath 
as; many properties to diilinguifh it as a fluid. What can a 
red hot iron be therefore, but iron and fire J, that is, iron 
with the element of fire in it ; as boiling water is fire and 
water ; and may be demonflrated to be fuch, by including 
it in an- exhaufled receiver, as well as by fome other me- 
thods ; though, I prefume, the epithets red hot might accord 
better with the inclinaitions of Sir Ifaac^ than a noun fub- 
ftantive would have done. 

All thefe things being confidered, I beg leave to pro- 
pofe it as a query of fome importance, whether Sir Ifaac 

• Opt. p. 376, + Qi 9. 

I Mi^ii y ciiai ATO 1) iMtf vXunut SQMATnN tt( nn rv IIYPOZ ixft >uif t» 7nitv^>c7uuitMi XT- 
AHFOT. S/oi. Ed. Phyf, Lib. 1 . c. 20^ 
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did not think it his intereft to get rid of this powerful ele- 
ment, or at leaft, to reduce it fo low in the efteem of his 
readers, that it fhould never be able to do his fyftem any 
harm. As for argument, there is little or none in the cafe : 
had there been any, his penetration would foon have feized 
upon it : therefore Boerhaave^ Gravefande^ Niewentyt^ and 
others, embraced a contrary opinion ; holding fire to be an 
element fui generis^ and rejedting the whole doctrine above- 
mentioned, without beftowing upon it, to the beft of my 
remembrance, any ferious refutation ; though they all con- 
curred unanimoufly in admiring Sir Ifaac as a moft excel- 
lent geometrician. And indeed it is not worth dilputing 
about : for to fay nothing of chemiftry, the experiments of 
eledricity, how great foever the prejudices of the learned 
may be at ptefent, will in due time get the better of fuch 
unserviceable fpeculations. There have already been fbme 
laudable attempts in this way, though they are but {^"^ ; 
and fbme of the gentlemen who have been engaged in this 
ftudy, feem to be terribly affrighted at the confequences of 
their own difcoveries, treating the element of fire with as 
much caution, as if they were touching it with their fingers. 
The ingenious Mr. Watfon^ whofe experiments are very curi- 
ous, inclines to the elementary fide. Dr. /////, after the exam- 
ples of Boerhaave^ Homberg^ and the younger Le7nery^ does 
the fame, in a learned work entitled — Thoughts concerning 
God and nature. He has ventured to add fome fpirited re- 
flexions, in a way peculiar to himfelf, on the modern phi- 
lofophy of fire ; which, I fuppofe, the fadls he is mafter of 
will fufficiently juftify. What he has faid in his 5'^ book, 
from the beginning of the 3"^, to the end of the 7'^ chapter, 
deferves well to be confidered : his hints, though very brief, 
contain in them more truth, in my humble opinion, than 

any 
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any eflay publifhed on the fubjedt fince the cultivation of 
eledricity in England. Others there are again, equally refpeiSl- 
able for their ingenuity and induftry, who are very unwilling 
to admit the agency of an intelligible fluid, fuch as fire is. 
They will perfuade us, it is improper to call the eledlrical fluid 
by that name ; it being not fire, but the fubtil aether fo fre- 
quently fpoken of by Sir Ifaac Newton *. The negative part 

of their opinion they thus illuflrate as air cannot 

properly be cabled found, fb neither can this fluid be called 
fire. Air, they fay, raifes the idea of found, and this fluid 
caufes a body to fbine or be on fire : but as air cannot be 
called found, merely becaufe it raifes the idea of found ; fo 
this fluid cannot be called fire, merely becaufe it excites 
fire. Any reader who is pofleflfed of a little logic, will im- 
mediately perceive this to be, not an argument, but a tranf- 
pofition of terms. For the parallel, in their way of draw- 
ing it, is really this — as the air, that caufes bodies to found, 
is not found ; ( it fliould have been, is not air \) fb fire, the 
fluid that caufes bodies to burn and fliine, is not fire: — the 
inconclufivenefs of which is fufficiently evident. Fire^ with 
all its old properties, and fome new ones, is the agent dif- 
coverablc by fenfe in eledrical experiments : this fluid, which 
appears in all the experiments^ they over-look ; and would 
folve them all by another fluid, which (like t\\t fifth element 
of Arifiotle) never yet appeared, nor ever will in any one of 
them. Eledlricity may well be dark and difficult, if inge- 
nious men refufe to be governed by their own eye-fight, 
becaufe it would fuggeft, even to the meanefl capacity, fome 
principles difl?bring from the mofl eminent geometrician of 
their own country ; who, being but a man, was liable to er- 

• Obfervations on a feries of eledlrical experiments, ^y Mr. Wilfon and Dr. Uoadly. p. 69,70. 
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for like other men ; if not, I am greatly to be blamed for 
what I have written, and for concluding, as I take the li- 
berty to do without any fear or refervc, becaufe I could 
prove it by numberlcfs experiments, that fire is the moft 
powerful agent in nature ; that the whole heavens, as it is 
manifeft to fenfe, are repleniflied with the fubftance of light ; 
and what is above all to be regarded, that it iflues from 
the fun's orb in a diredion contrary to that of gravity : that 
therefore. Sir Ifaac Newton % univerfal law is falfe by cjqpe- 
rience. 

The lame may be concluded from another confideration 
of much weight, and almofl as plain as the foregoing. 

The materials of this terraqueous globe are generally 
agreed, both by the ancient and modern enquirers into na- 
ture, to have been once in a ieparate and diforderly (late. 
The facred writings are known to have aflerted this very 
expreflly ; and to have added withal an account of particu- 
lars, fo far as it is needful for us to be acquainted with them. 
Between this account, and the heathen traditions relating to 
the fame affair, there is a furprifing agreement ; of which 
fb many examples have already been coUefted by Grotius*, 
and with fb much learning and judgment, that very little needs 
to be added to what he has faid. Taking it then as grant- 
ed, that the parts of this earth did once fubfifl as a formlefs 
and incoherent chaosy a queftion will naturally arife, by what 
phyfical means or agency, in fubordination to the divine 
power, they were brought together, and put into the or^ 
derly form in which we now find them ? Ovid fays it was 
by a melior natura ; which is a phrafe without a meaning, 
and anfwers no end but that of filling up his verfe. Dei- 

• Grot, dc Verit. L. i. fc6l. i6. 
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Caries fuppofes the world to have puf itfelf into order, by 
an imaginary motion of his vortices. And Sir Ifaac Newton 
tells us, " the globe of the earth and fea afFedbs a round fi- 
"gure by the mutual attradbion of its parts by gravity *." 

To know whether this laft fuppofition has any truth in 
it, we muft have recourfe to obfervation. If the parts where- 
of the feveral ftrata of the earth confifl, and which appear 
to be BO other than the iediments of water, did originally 
fubfide by the agency of gravity ; the ftrata fhould lie in the 
order of their fpecific gravities ; and the extraneous bodies 
buried in them (liould have the fame fpecific gravity with 
the flrata wherein they are found. 

All this Dr. Woodward afTures us is agreeable to fa(ft. 
" This fubfidence happened generally, and as near as pofli- 
" bly could be expelled in fb great a confufion, according 
" to the laws of gravity ; that matter, body or bodies, which 
" had the greatefl quantity or degree of gravity, fubfiding 
** iirft in order and falling lowefl ; that which had the next, 
"or a ftill lefler degree of gravity, fubfiding next after and 
**fo onf." -— "the lighter fhells fell amongfl the lighter 
" matter, the heavier fhells. amongft the heavier X\* and in 
a word, all the materials of this earth are generally fo dif- 
pofed as they ought to have been by the agency of gravity. 
All this is aflerted with the greatefl confidence; and by a 
writer too, whom we mufl allow to have been well ac- 
quainted with the flrudure of the earth. But it is fo con- 
trary" to obfervation, that every commoa labourer, who has 
aflifted in the turning up of a ftone-quarry, or the finking 
of a coal-mine, mufl know it to be falfe. 

• Opt. p. 370. 

•j- A*/. HiJK of the earth, p. 7J. % UiJ. 
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The bowels of the earth have been purpofely examined 
with this view, nearly to the depth of 200 feet ; and the 
loweft ftratum hath been found lighter than the uppermoft 
that lay immediately under the turf. A defcription of the 
ftrata, found in a coal-pit in Staffordflnre^ was communi- 
cated to the royal fociety by Sir Hans Shan'e^ and the (pe- 
cific gravity of the fcveral (pecimeras having been examined 
by Mr. Haukjhee, he made the fi^lowing report — that 
" the gravities of the (everal ftrata are in no manner of order, 
<* but purely cafual, as if mixt by chance */' And as to 
fofiile ihells, bones of animals, mineral concretions &c. they 
are depofited indifferently at all depths, and are to be met 
with in all kinds of matter. The echinkes^ a foffile body 
formed in a flidl of the cruftaceous kind, which is very 
fight, is found in chalk, in clay -f-, and in ftone. Cockle- 
flhells and fbflile-plants are found at the fame depth; and, 
toot to multiply inftances, the pyritee^ a fort of metallic no- 
dules, are generally found in chalh I fele&ed one of thele 
bodies, of a fpherical form, with fbme of its native chalk ad- 
hering to it ; and found its fpecific gravity to be to that of 
tommon water, as 4. 5 9 to i ; nearly the fame with that of 
fbme grey lead ore, which I compared with it at a Venture, 
and found to be as 4. 83 to i. How a body of this weight 
could be depofited amongfl chalk by any law of gravity, is 
lo me inconceivable ; and Dr. Woodward's motive for fb 
ftrangely mifreprefenting this whole affair, would have been 
equally inconceiveable, if he had written an hundred years 
ago : but at the time his thoughts were employed on the Ttatu- 
ral hijiory of the earthy gravity was coming into vogue as a new 



• Phil. TranfaS. No. 336. p. 54I. OX Hauijbee's txperimtuts. p. 317- 
•f- Luid. Litolph. CI. 6. Art. 926. 
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primum mobile -, and there are few men, who for the fake 
of truth will run the hazard of having their literary pro- 
du<3ions, the fniit of much labour and ftudy, neglcded or 
evil-fpoken of as foon as they are publifhed ; though in 
fucceeding times, when the heat of fafhion is a little abated, 
they will be relpeded the more for it. If Dr. JVoodward\ 
aim was fuch as I imagine it to have been, he certainly 
failed of it in fome degree. The introducing of gravity into 
his work might ^in him many friends and fome few profe^ 
* lytes ; but it infufed into others a very flrong prejudice 
againft him : for this appears to have been the principal 
reafbn, which moved Mr. Ray to rejed: his hypothefis of aa 
imiverfal difloludon. He fuipe<9:ed it to be an Inventioii 
fubfervient to the new principle of gravity ; knovy^ng tiiat 
the phoenomenon, which he would have folved by iuch a 
diflblution, was not generally true, and that we have Ail^- 
cient authorities to prove the contrary *. 

TaoucH the nature of my £ubje<^ hath obliged cne here 
to make lb free with Dr. JVoadward, in oae article^ I hav^ 
no defire to leflen his real merit, which is that of having 
treated the fubjed: of the univerfal deluge in a majuxitx f^ 
fuperior to all writers who had undertaken it before him. 
But in the article relating to gravity, to fay the befl we can 
of him, he was miflaken. 

Had the earth been put together in the manner he has 
fuppofed, by the attraction of gravity, the natural order of 
things would have been inverted, and the ceconomy of the 
world thrown into the utmoft confufion. All the water of 
the globe would have been uppermofl : all the gold, and 
other metals, would have fubfided to the central parts. And 

* Kafi three difcourfcs. p. 167. 4th edit. 
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altho' the poet has fixed 2iJ}igma on his effodiuntur opes^ yet had 
they been carried down to the center, how many hands had 
been unemployed, and left to idlenefs or mifchief, for want 
of neceflary labour. What fhould we have done for inftru- 
ments of iron and brafs ; I will not fay for warlike and de- 
ftruftive purpofes, but for neceflary and mechanical ufes ? 
To be fliort, the difpofition of things below the flirface of 
the c;^th is fo ordered, that mankind may reap the greatefl: 
benefit from it. And does it not plainly demonftrate at the 
fame time, that tho* bodies may fall to the earth by what 
we call gravity, this gravity is but a partial phoenomenon, 
and was never employed as a ruling principle in the confor- 
mation of this terraqueous globe ? If to the fadls here col- 
leded, we add the denfity of elementary fire as found by 
experiment, and the perpetual efflux of light from the fun, 
the refult of the whole is — gravity does not prevail as an 
univerfal principle, either in the heaven above, or in the 
earth beneath ; and confequently, a fyftem of philofophy, 
which both fuppofes and requires it to be univerfal, hath 
miftaken the agency of nature, and is fo far at leaft contra- 
didled by experience. 
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CHAP. VI. 

7^^ forces of attra&ion and projeEiion^ commonly called cen- 
tral forces, will not conjtjl with the motion of the planets, 
even upon the fuppoftion of a celeftial vacuum. 

IH A V E but one more obfervation to make in regard to 
gravity. I own it to be fomething in the nature of a di- 
greflion, and as fuch I hope it will be excufed. This prin- 
ciple then, compounded with a projedile force, will not 
account for the motion of the heavenly bodies, even allow- 
ing the Ipaces in which they move to be void of all refifting 
matter. We are under no obligation to grant this; how- 
ever let us grant it for argument's fake, and fee what will 
follow. 

A body adled upon by two different forces at the fame 
time, will defcribe the diagonal of a parallelogram, whole 
fides are refpedively equal to the two forces. Experiment 
fhews this to be true; the application of it is what I am 
here to treat of; and I (hall endeavour to be as fhort and 
as plain as I pofTibly can. 

The celebrated author of the principia, as it is univer- 
fally known to all thofe who have but dipt into natural phi- 
lofophy, fuppofes a planet to be a£ied upon by a projedile 
force, giving it motion in a right line, which makes a tan- 
gent with its orbit. This force, once impreffed, is always 
to continue by his frjl law of 7tature *. It is alfo aded up- 

• Sir lfaac^% firft law of nature is this — All bodies continue in their Jl ate cfrejf, or mot ion ^ uni^ 
formly in a right line, except fo much f/ tht^y are forced to change that ft ate by forces imprcjjed. 

Prima lex naturse, quod unaquaeque res quantum in fe eft, Temper in eodcm ftatu perfeve- 
ret ; ficque quod feme! movetur. Temper moveri pergat, nee unquam mutetur niii a cauils cx- 
temifi. Fid, CvcneGi frincif. fhilof, P. 2. fed. 37, 
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altho' the poet has fixed 2ijiigma on his effodiuntur ofes^ yet had 
they been carried down to the center, how many hands had 
been urtemployed, and left to idlenefs or mifchief, for want 
of neceflary labour. What fhould we have done for inftru- 
ments of iron and brafs ; I will not fay for warlike and de- 
ftruftive purpofes, but for neceflary and mechanical ufes ? 
To be fhort, the difpofition of things below the furface of 
the €;^rth is fo ordered, that mankind may reap the greateft 
benefit from it. And does it not plainly demonftrate at the 
lame time, that tho' bodies may fall to the earth by what 
we call gravity, this gravity is but a partial phoenomenon, 
and was never employed as a ruling principle in the confor- 
mation of this terraqueous globe ? If to the fads here col- 
leded, we add the denfity of elementary fire as found by 
experiment, and the perpetual efflux of light from the fun, 
the refult of the whole is — gravity does not prevail as an 
univerfal principle, either in the heaven above, or in the 
earth beneath; and confequently, a fyflem of philofbphy, 
which both fuppofes and requires it to be univerfal, hath 
miflaken the agency of nature, and is fb far at leaft contra- 
dided by experience. 
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CHAP. VI. 

The forces of attraEiion and projeEiion^ commonly called cen- 
tral forces, will not conjtjl with the motion of the planets, 
even upon the fuppoftion of a celeftial vacuum. 

IH A V E but one more obfervation to make in regard to 
gravity. I own it to be fomething in the nature of a di- 
greflion, and as fuch I hope it will be excufed. This prin- 
ciple then, compounded with a projedile force, will not 
account for the motion of the heavenly bodies, even allow- 
ing the Ipaces in which they move to be void of all refifting 
matter. We are under no obligation to grant this; how- 
ever let us grant it for argument's fake, and fee what will 
follow. 

A body adled upon by two different forces at the fame 
time, will defcribe the diagonal of a parallelogram, whole 
fides are refpedively equal to the two forces. Experiment 
fhews this to be true ; the application of it is what I am 
here to treat of; and I (hall endeavour to be as fhort and 
as plain as I pofTibly can. 

The celebrated author of the principia, as it is univer- 
fally known to all thofe who have but dipt into natural phi- 
lofophy, fuppofes a planet to be a£ied upon by a projedile 
force, giving it motion in a right line, which makes a tan- 
gent with its orbit. This force, once impreffed, is always 
to continue by his frjl law of ?iature *. It is alfo aded up- 

• Sir Jfaac^s firft law of nature is this — All Bodies continue in their Jiate ofrejf, or motion^ urn- 
formly in a right line, except fo much qs thty are forced to cha?ige that flat e hy forces imprejjid. 

Prima lex naturse, quod unaquaeque res quantum in fe eft, Temper in eodcm ftatu perfeve- 
ret ; ficque quod femel movetur. Temper moveri pcrgat, nee unquam mutetur niii a caufis cx- 
temi^. Vid. C^xteM frincif. fhilo/l P. 2. Ted. 37. 
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on at the fame time by a centripetal force ; which fome ob- 
fervations upon the moon have induced him to beHeve is 
the fame with what is called gravity near the earth's furfacc. 
By the former of thefe forces alone, it would always pro- 
ceed in the tangent or right line ; by the latter, it would 
fall ftrait to the centre j by both of them jointly, it will be 
gradually bent below the tangent, and in a given time, fuf- 
iiciently fmall, will defcribe the diagonal of a parallelogram, 
whofe fides are as the two forces. In a fecond moment of 
time, it will defcribe another, and Co on. Now if thefe pa- 
rallelograms are imagined to be infinitely fmall, a feries of 
their diagonals will not fenfibly difFer from a curve : and 
thus he accounts for the motion of the planets in curvilinear 
orbits. 

Th e greatefl adverfaries of Sir Ifaac Newlon mufl allow 
the thought to be highly ingenious. A thorough mathe- 
matician is fb fmitten with the elegance of it, and with the 
wonderful things he has deduced from it in a courle of ab- 
ftrufe theorems, in which few are able to follow him but 
thofe who do it to a degree of enthufiafm, that they will 
very hardly be induced to quit their theories for a while, 
ana condefcend to examine, how this fpeculation will cpn- 
fifl with pradice. 

i F I had an inclination to multiply words, I might ob- 
ject to the generation of a curve by rhe diagonals of fmall 
parallelograms ; becaufe there follows from it this abfurdity, 
that as thefe diagonals can be confidered only as right lines, 
no curve can be compofed of them, iinlefs a curve and a 
right line are commenfurable, whicii every geometrician 
knows to be falfe. It would be idle to infifl upon this, be- 
caufe the thing does afTuredly hold good in nature, whether 
the method of infinites will confifl with geometry, or not, 

A curve 
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Considered at Large. iil 

A curve is evidently defcribed bjr a projedile ; and that pro-^ 
jcftile appears to be aduated by two forces thus compound- 
ed. As far as I am able to judge, there is no reafon why 
the orbit of a planet, provided the forces are adequate to the 
effeAs, may not be produced in the fame manner. But I 
humbly think, the forces of gravity and projeSiion^ which 
were propofed long ago with this view by Mr. Horrox -f-, 
are inadequate, and unfit for the bufineis affigned them. 
No lofting motion, as it will loon appear, can poflibly arife 
from a compofition of thefe two forces, for the following 
reafons. 

L E T us imagine the two forces to be reprefented by two 
bodies, a and b ( See plate II. fig. i .) and let thefe be made 
to ftrike againft a third body, c, at reft. Now it is certain, 
from the laws of percuflion in bodies not elaftic, i. that 
if A and b are carried with equal quantities of motion to- 
ward contrary fides, and do both impinge at the lame time 
againft c, no motion is produced by it, but all the three 
bodies remain perfedly at reft after the ftroke. This may 
be laid down as the rac^ fimple cafe. 2. If the angle of 
their meeting at c be very obtufe, as acb (fig. 2.) the mo- 
tion communicated to the body c will be equal to the dia- 
gonal CD ; fo that the whole fum of the force hereby pro- 
duced, is not equal to either of the forces fingly which pro- 
duce it, and all the remaining part is loft. In the firft cafe, 
the refiftance between the two forces was total ; here it is 

•f* Teftantur obfervationes — figuram orbitee planetaria efle elHpticam — motumque ejus in 
Iloc elliptico insequalem eiTe, & pro difUntia fua a fo]^ intendi & remicti — Projidatur plum- 
bum aliquod in altum, furgit/r/>o0 *velociter^ deinde iai dius^ duxn tandem ftadonariom in terram 
reddat cominuo njelocitath increment Oj atque ita motum librationis defcribit — oritur ea libratio, 
ex pu^na inrtutts illius quam manus toa illi infudit> una cum wrtute teUuris magnetica> qua 
omnia gravia ad fe atirahit, •*- Quid jcft quod in motu fioMtarumy ubi eadem commoditas non 
deefty caufam leram a natura ipfa tot exemplis confirmaiaitiy fifiitio circulorum fomnio commu- 
taremus? Horroc, Op. Poft. p. i8i. ^.3. This wondeiAU Mept in ailronomy floi^rifhe^ to- 
wards the beginning of the lafl century, andjdied at thcf )^ tif 22. 

but 
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at that rate, there can be no fuch thing as a difficulty. The 
fame omnipotent hand, which is fuppoJed to fave a planet 
from ruin, by driving it farther from, or drawing it nearer 
to the centre, as occaiion requires, may as eafily condud: a 
comet thro' the whirling vortices of Lhs-Carfes^ <x eveii the 
Iblid chryftalline orbs of Ariflotk, This is the common re- 
fuge of men who have nothing elfe to fay ; and it was the 
excufe advanced by Ptolemy^ in behalf of his perplexed 
icheme of excentrics and epicycles — No man was to call in 
queftion the truth of his aftronomical theories, becaufe the 
immortal Gods could eafily find a remedy for every diffi- 
culty ; could remove all impediments, and make a way in 
the heavens for the motion of every orb, though their tbtsr^ 
might feem to be inconfiftent with one anotfaier *. When 
the philofbpher afTures us, pcmoer is a divine attribute, we 
can readily believe him : but if he is above fearching after 
what the divine wifdom hath thought proper to eflablifh in 
the world, and takes refuge under the abnradi notion 6f an 
unlimited powei^ before there is a neceflity for it, and even 
while experience is againft him, he betrays the infiifficiency 
of his own fpeculations ; and muil convince mankind, either 
that the whole of nature is an ufelefs and inexplicable myf^ 
tery, or that he ought to fet out afrefh upon more coiifif^ 
tent principles. 

* Nemo vero difficiles cenfeat kos quae fupponimmi cucidorom implicationcs &c. KefUt. 
q>it. aftron. p. 502. 
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BOOK m. 

Of a vacuum in the heavens^ and between the 
parts of bodies : with an experimental enquiry 
into the phyfical caufes of cohefion and repul- 
fion. 



C H A P. I. 

Some pofitvoe proofs^ that a medium, different from the rays 
of lights is frefent in the heavens ; isoith an anfwer to a 
common objeBion from fame experiments with the baro- 
meter. 

TH £ bed-reputed argument hitherto made uje of to 
prove a vacuum, has been derived from a fuppoled 
necejftty for it, that the bodies in the heavens may 
be unrefified in their motions. But we have been taught by 
(bme undeniable examples, that motion may continue un- 
refifted in a reKifting medium, if that medium be the caufe 
of the motion : fo that the whole dodrine of rcfiftance is of 
no ufe, unlefs the queftion be firft granted, that the motion 
of the planets is not owing to any material caufe ; that is, 
unlefs the very thing, which ought to be proved, be taken 

for 
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for granted. If the matter of the heavens is not employed 
as a phyfical caufe, then indeed it will be an obftruftion, 
and ferve only to interrupt and retard mption. If the 
air behind the fails of a £hip were not inflrumental in dri- 
ving the fhip forward ; the air before the fails would ferve 
only to ftop the courfe of it. If a motion were communi- 
cated by the hand to the lamp-machine defcribed in 'the for- 
mer part of this treatife *, and it were made to turn upon its 
centre when the lights are extind ; the air which furrounds 
the vanes would refift their progrefs, and the machine would 
not make near fo many revolutions as if it had been inclu- 
ded in a vacuum. But if the lights are burning, the cafe 
will be entirely altered, and the air will now con^bve that 
motion, which a while ago it deftroyed. This diftindion of 
cafes is ever to be remembered in all our phyfical reafon- 
ings : the moft ingenious and able philofophers, by not at- 
tending to it, have fallen into palpable miftakes ; and it is 
greatly to be lamented, that the fad here mentioned has 
ibund no place in the received philbfophy, though it calls 
itfelf experitnental : nay the impofUbility of fuch a thing 
has been formally demonftrated in a geometrical wiay. 

A vacuum therefore is no necejfary principle. We fhould 
rather conclude, if we are willing to be guided by analogy 
and experience, tliat as motion continues in the heavens, 
Come adive medium muft be prefent for the confervation of 
it. Let us enquire then, whether the exigence of fuch a 
medium in the heavens, exclufive of the rays of light, will 
admit of any pofitive proof; and whetha we can obviate 
a material objedion which hath been rmfed againft it : after 
which we will leave the celdlial vacuum, and examine the 
nature of fome leiier vacuums. 

• See pag»44. 

So 
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S o long as the philofbphy of Arijiotle prevailed, pefitive 
levity, difFering only in Ipecie from gravity, was believed to 
be a quality of fome natural bodies : but the members off 
the Florentine academy fhewed the falfehood' of it by fome 
judicious experiments ; and it is now deterrnined, that if one 
body or fluid tends upwards , it is only becaufe another of 
greater denfity fends downward, and takes the place of if. 
Thus if air and water be mixt together, both of them gra- 
vitate (as we commonly fpeak) toward the centre of the 
earth- ; but the water, having the greater denfity, will gain 
the loweft "place, and in fo doing, caufe the air to afcend 
with a velocity proportional to their difference. What M 
here iaid of air and water, may be applied to fnioke and air ; 
the ca(es being* alike in all relpedh. This reafoning, if found 
to be juft in every inftance where we have an opportunity 
of making the trial, muft be admitted on all other occa- 
fions of the fame nature, though we have not the h'ke op- 
portunity? ; according to the known rule — EffeBuum nattc-^ 
ralium ejufdem generis et:edem funt caufe — *' Natural ef^ 
"feds of the feme kind mim be imputed to the lame 
"caufes.** If this liberty of arguing from a fimilarity of 
cffedh be once denied us, all ^^r/«r^»/^tf/ philofophy will be 
in a manner ufclels. 

I mufl: be permitted then, in virtue of this rale, to argue 
from the afcent of bodies near the earth's furface, to the 
like effed, when it happens at any diflaiice froiti us in the 
heavens ; as for example, near the head of a comet ; from 
which an immenfe train of vapour is obfcrved to fly oflT, or 
rather to rife upwards into the regions oppofite to the fun ; 
for thus we fliould exprefs ourfelves, if we were placed upon 
the furface of it. 

Now 
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Now let the obfervation concerning fmoke and air be 
here applied ; and it will be more than probable, that fbme 
fluid in the heavens, of a denfity much greater than thefe 
vapours, mud be tending downwards to the iim, that they 
inay be carried off in a contrary dire<^ion, according to the 
law above-mentioned. For the lame reafon, this fluid ought 
to be prefent in all the ipaces, through which the tail of a 
comet is known to extend itlelf, which is Ibmetimes to an 
almoft incredible diftance : otherwife the principle of a po- 
fitive levity, or fomething equally unaccountable, mufl be 
admitted as a con(equence. An imaginary atmo^here, fur- 
rounding the nucleus of. the comet, will give us but little 
aid ; the cafe not being paralleled ( I mean with refpe^t to 
-the comet and its ownatmofphere) by any thing that happens 
within the atmofphere of this earth ; in which fmoke and 
vapour will rife up on every fide indifferently, as well at* 
noonday as at midnight ; and will go, either toward the fun, 
or from it. But the tail of a comet, after it has pafled its 
perihelion, as well as beforcy is turned away from the fun j 
at which time, as we fhould naturally expedl, fbme more 
loofe and detached particles might be left behind by the re- 
iiflance of fbme jetherial medium, and carried toward the 
fun by their gravity: the contrary to which hath always 
been obferved to happen : fb that we mufl impute the whole 
efFedl to an univerfally extended atmofphere, not of the comet 
itfelfy but of the fun. 

This phoenomenon, though very diflant and inaccefllble, 
is neverthelefs fo clear in itfelf, and its application is fo ob- 
vious, that it cannot eafily be mifunderuood. Thofe who 
believe the heavens to be nothing but an immenfe vacuum, 
are bound in reafon, I think, to give us fuch an account of 
it, as (hall be fatisfa<£tory in itfelf and confident with their 

own 
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own principle. If no fuch account can be given, there will 
be a neceflity for introducing fome fluid into the heavens 
befide the rays of light ; and when we fpeak of fuch a thing, 
we fhall do it with reafon, with observation, and I may 
add with Sir I/aac Newton alfo, on our lide ; who feems 
to have confidered this matter attentively, and has granted 
all we can defire of him. His words are thefe — " For as 
* ' in our air^ the fmoke of any body that is fet on fire goes 
" upwards, and that perpendicularly if the body be at reft, 
" or obliquely if it be moved fide way : fo in the heavens^ 
where bodies gravitate toward the fun, fmoke and vapours 
ought to afcend from the fun, and go oflF to the higher 
regions */' This whole paflage being very important, I 
muft beg leave to fubjoin a few fhort remarks upon the fe* 
reral portions of it. 

*^ For as in our air, the finoke of any body that is fet on 
^' fire goes upwards'' &c. The reafon already afligned for 
ths need not be repeated. Should it be difputed, experiment 
will make it good. For let any burning matter be placed 
under a pneumatic receiver, not exhaufted of its air ; the 
fmoke will rife up perpendicularly, and with a confiderable 
velocity : but when the air is exhaufted, the fmoke, inftead 
of rifing up as before, will either fink down like water, or 
hover as an atmofphere about the ignited body. It follows 
from this experiment, and many others, that a fluid which 
is light and rare, cannot afcend by any innate quality of its 
own ; but muft be impelled, or forced up, by another fluid 
more denfe and weighty. 

* Etenim ut in aere noftro, fumus corporis cujufvis petit fuperiora, idque perpendicolariter 
fi corpus quiefcat, vel oblique fi corpus moveatur in latus : ita in coelis, ubi corpora gravitant 
in folem, fumi & vapores afcendere debent a fole, & fuperiora vel reda petere. Princ'p. 
p. 469. 

Q^ This 
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This afcent of imdkt &c. wifl be "perpendicular if 
" the body be At reft, or oblique tf k be moved {idcway.* 
Thus the flame of a candle will have a perpendicular direc- 
tion if it is at i<eft ; but if it is carried forward, and meets 
with a refiftance from the air, the flame will then have an 
oblique direction, and be more bright and better defined at 
the edge where the refifta-noe is made, than at die other. 
Aftronomers tell us, the like has been obferved in the tail of 
a comet. But we are coming now to the application. 

**So in the heavens, whet*e bodies gravitate toward the 
** fun, fmoke «nd vapours ought to iilcend from the fun.'' 
As on tiiC' earth, to whicih bodies gravitate, fmoke afcends 
through air, beoau^ the air (forces it up by gravitating ffwre 
than d}e ^xioke ;ib in tbe heavens, ^tt^ch according to this 
fame author are empiy oiair and oidWjenfibU -matter^ ^pours 
ou^t to alciend from the fun. How can thefe things fland 
together ? Would it not bt beflter totally to difbeUeve a va- 
cuum in iJie hieavens, -thtafi to be thus -daftrefled with 'c8n- 
tradidions ? Sir Ifaac hitnfelf, upon this occafion at lea'ft, 
feems to have thought ifo '; therefore he adds again very ex- 
preffly in another plsoe — " Snaoke a&ends in a chimney 
" by the impulie of the air In whidi it floats. This air, 
" being rarefied by heat, rifes up, becaufe its fpecific gravity 
" is diminifhed, and carries ofF the fmoke entangled with it. 
" Why may not the tail of a comet afcend fixwn the fun 
" after the fame manner*.?" There can be no objc<9ion to 
this, but that the heavens will not then be empty » Vapours 
cannot afcend from the fun after the fame -manner as fmoke 

* Afcendit famus in camino impulfu aeru cui iniutat. Aer ille, per calorem rarefaduSt 
afcendit ob diminutam (uam fpeciiioain gravitatem, & fumum implicatum rapit lecuin. Qoidoi 
caada cometa; ad cundem modam alcenderit a ibie ! JSid. p. 472. 

rifes 
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riies in a chimney, if in the fpaces through which thej 
afcend, there be neither impulfe^ nor air^ nor any fen^e 
matter, 

I F we agree here with Sir Ifaac Newton^ and determine 
thefe cafes to be parallel, x}a& conclufion wUl be unexception- 
able ; that as (he air^ m which fmoke aicends, is no va- 
cuum ; fb neither are the fpaces through which vapours 
afcend from a ccMnet. 

And to go ft ftep ferther, the reafbning which hath been 
applied to theie vapours, may be applied with the fame pro- 
priety to the rays of the ftm \ for as the motion of lx)th is 
in the Jame dire<^ion, no di^erence between tjiiem, in any 
other leipedit, will be material. Light then vaxx^ be propar 
gated from the fun> either by an iiinate levityy in a manner 
not anabgous to any thing we are acqijiainted with ; to fi^p^ 
pofe which is to give up the whole caufe ; or b^ the pre(^ 
fure of fome denier medium going downward to the fun. It 
is true,. Sir Ifaas in his treatiie on optics, hath rejeded all 
fuch mediums in a peremptory Arain ; but if hi^ theory of 
reiiftance hath ^led, we m^y be able to furmount »11 leliec 
difficulties. Indeed I know but of ooie that dpf^veo to l)e 
coaiidered. Upon a idril view of i^ it thr^^'ns us with 
Come trouble, and will put us upon ai) exa<| ean^uiry. 

:It hath beefk judgfid &om iome e^perirneois wjkh this 
barocneter, that we are now aUe to calculate the height of 
the an: which furrouods this globe, and to g^ v^y neafl)^ 
ujjori that diflancff, beyond whieh, if there is any n^itter ^ 
ail,, it moft b^ pgrei(tgtfa « ejeaeediugly liltle>" <?Kr^ /^g^ f^ 
nuiffiftta **an air thin beyond e»pce(Fion.'* Thi? weight of the 
atmofphcre at a middk ftate, is ^qual to 29 j inches of mer- 
cury, at the furface of the fea. If we afcend to the height 
of 800 feet, it will fink an inch lower ; at "double that 

Q^ 2 . height, 
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height, it will be lower ftilj ; and (o on, as far as we can 
convey ourielves to make the trial. Hence it is prcfumed 
there is a certain diftance above the earth's furface, at which 
the mercury in the barometer would fall to a level with its 
ciftern ; and confequently the heavens, at tBat diftance, muft 
be empty of -air, at leaft of fuch air as is attended with any 
feniible preffure upon the furface of bodies. 

From all that has hitherto been done upon this fubje<3:, 
it does not appear that a theory can be laid down, fo as to 
determine the ftations of the barometer with accuracy, when 
the elevations above the (urface of the earth are very great. 
When they are but moderate, this method of meafuring al- 
titudes is very convenient, and comes nearer to the truth 
than a quadrant and a trigonometrical operation would do. 
But, I apprehend, the higher we go, the greater will be the 
error. Between Drs. Halley and Scheuchzer there is a diffe- 
rence of near 8po feet in 5000. The former of thefe hav- 
ing eredted a theory *, finds an elevation of 5000 feet re- 
quifite to reduce the barometer to 24. 93 inches ; while the 
latter, who purfued his enquiries with great diligence, and 
every imaginable advantage, upon the alps of Switzerlandi 
reduces the barometer to the (ame ftation, with an elevation 
of 4241 Englijh feet-|". There are oth^r calculations of 
Marioite and CaJ/iniy which differ widely from each other. 

But to come to the point. That there really is any ima- 
ginable elevation above the furface of the earth, at which 
the barometer would have no altitude, and the air no per- 
ceptible denfity, cannot be inferred from any barometrical 
experiments ; all of them having been taken in x!tat lower 
region, within whicl\ the air is no other than a menftruum, 

• For a particular account of it, fee Phih/. Tranf. No. i8i. p. 104. 
+ See IHd. No. 406. p. 577. 

faturated 
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faturated to an high degree with heterogeneous particles of 
a grofler fubftance, and more efpecially with the particles of 
water. The clouds indeed, at leaft in this country, are very 
rarely higher than three quarters of a mile, even in the 
moft ferciJfc weather, when the barometer is high ; and 
fometimes they do not exceed feven or eight hundred yards, 
as I have found by obfcrving their altitude at different fea- 
fbns : but we fhall err greatly if we imagine the watry va- 
pours to be carried no higher than to the path of thefe 
clouds ; for mountains, above a mile in height, being co- 
vered with fnoFiVy muft be within the region of vapours. 
When Mr. Kay as he tells us himfelf, was croffing the high- 
eft ridge of the alps in the country of the GrifonSy it fnowed 
very faft during his whole paflage, and " the clouds feemed 
^* to be as far above his head as they do here in England'^ T 
At the top of the Fico Tenersffe^ as Dr. Sprat has delivered 
the account in 4iis admirable bijiory of the royal fockty^ " a 
•^ perfon found himfelf all wet, and perceived it to come 
*^ from a perpetual trickling of water from the rocks above 
" him." Another account, in the philofophkal tranfaEiions^ 
fpeaks of a dew falling there, at the very fummit, fo copi- 
ous as to wet the clothes of the company ; and it lafted till 
fun rifing f . Varenius fuppofes, after all the proper deduc- 
tions for refradion &c. that the top of this mountain is vi- 
iible at the diftance of two degrees and an half upon the 
meridian ; whence the height of it will be three Englijb 
miles and three quarters. Whether this calculation be ex- 
actly right or not, though I think the real height cannot be 
very far fhort of it, certain it is> as Varenius hath obferved, 



• Three difcourfes. p. 104. f N. 34 j. p. ^17. 
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quod non ultra mediam regionem aeris protendati4r * — " that 
" it is not extended beyond the middle region of the air." 
How much higher the watry vapours may afcend, it will be 
hard to fay ; but fb high they certainly do afcend. 

From a very common experiment with die air-pump, 
water appears to be at all tim^s fufpended in the element 
of" air. After a fb'oke or two rf the pump, the remaining 
air within a receiver, being rendered lighter, never foils to 
let fall a cloud (^ vapours. Dry fait of tattar inclofed in a 
glafs well flopt, will imbibe ft> much water as to make up 
the lacrgefl part of the weight <rf the included air : which 
led Dr. Boirhaave to conjecture, that pure air, in its elaftic 
flate, does not gravitate at all f; I have fbmef imes admit- 
ted air into an exha'ufted veilel, fitted for the purpofe, firft 
in a dry room with a fire in it, then upon a damp ftair- 
cafe, and have found the latter to be fomething heavier, by- 
hanging the veflel to the arm of a ballance. 

All thefe fads fhould be taken into the account, and 
fome allowance be made for them in our modem atmofphe- 
rical theories. They will not {H-ove perhaps that pure air isl 
abfolutely without gravity, which is what I cannot believe; 
but they will prove very well what I intended to fhew, that 
experiments made within the lower regions of the air, are 
by no means conclufive when applied to the higher, into 
which no barometer will ever be tranfported, unlefs Dr. 
H^ilkins\ fchcme for flying up to the nieion fhall hereafter 
be put in execution. 

To this admixture of vapoure, might poflibly be owing 
thofe unexpected, irregularities in the barometer, which al- 
mofl threw the induftrious Scheuchzer into defpair. During 

• Ceoeraph. lib. i. cap. 9 & lo. 

f See his mtthod afthemifiry by Dr. Show. vol. I. p. 400. and 419. 

his 
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ills peF^rmation upon the alps, the meicurial cduinn was 
ifotnetiiaies i}:^6er upon thofe mountaios, than it was ohl^rvjed 
Ho iUnd on the iame day, and with the fame temperature, 
at Zurich ; which is dire£bly oppofite to the reoeivcd xuie *. 
He imputss thas to the greaiter purity azud elafiiaty of the air 
in the <alpine r.egiom. Thefe iiregukiities however drew 
ifrom him die followimg confefliDn, for -wfaidb Jic as much io 
be honoured — " i pretend not to Jay down the truth, as 
" if it were fully cleared of every doubt j for after all my 
"cn(^kies, it &ems to be flill concealed imder a cloud + :" 
jand indeed fo it is ; if, by the truths we undcrftand that 
theory of the atmoiphere, which terminates in a vacuum. 

But after all, one po£dvse proof with regard to the 
higher regions, would be worth all that can be iaid in aa- 
fwcr to experiments on account of their not having been 
.actually taken within them. Such a proof is to be met with^ 
'io plain and Ariking, that I may ventune to reft this whole 
af&ir upon the ftrength of it 

According to the preient ^te of expecimental philofo- 
phy, air is allowed to be the vehicle of found : and whe- 
ther it be the {n-oper pabulum of fire or not, it is, :geiierally 
fpeaking, neceilary to the kindling, of fire, and to the pre- 
fervation of it. When the receiver of an air-pump is well 
exhaufted, a fmall bell cannot h^ heard to tranfiiut any of 
its found, if it be prevented, (as it eafiiy may) from com- 
municating its tremors to the external air, .thraugh the fblid 
matter of the mafchine. Gunpowder will not take isi^ in 
fuch a fpace ; and a candle will expire, before half the air 
can be extraded. Thefe things being premifed, I {vooeed 
to my narrative. 

• Itinera Alpina. p. I J- Itin. fecund. . "In di'verfurio Ragaxienfi &c. 

\ Imo nee prxtendo veritatem omnibus dubiis plenc liberatam adhuc dum fillere, quae operta 
nubium involucris mihi ipii videtur. Ibid. p. 9. 

In 
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In the year 1719, a meteor^ very far exceeding the moon 
in luftre, and nearly as large in appearance, was feen over 
all the parts of Great Britain^ Ireland^ and Holland^ the 
nearer parts of Germany^ France and Spain^ at one and the 
fame inftant of time* Its apparent altitudes were acciden- 
tally obferved by fkilful perfons at London^ Oxford^ and War- 
cejiery and near enough to the truth, by the afliftance of the 
ftars. The horizontal diftances of thefe places being known, 
together -with the femidia meter of the earth, and the diffe- 
rent angles under which the phoenomenon appeared to dif- 
tant fpe<9ators at the fame time, its abfolute height above 
the earth's furface may thence be found to a degree of cer- 
tainty, which will not be difputed by thofe who are ac- 
quainted with the rules of trigonometry. From thefe data, 
it appears to have been about 70 ftatute miles high. Over 
Devon/hire^ Cornwall^ and the neighbouring counties, an 
explojion was heard, equal to a report from a broadlide of 
the heavieft cannon at fome diftance, which was foon fol- 
lowed by a rattling noife, as if many fmall arms had been 
promifcuoufly difcharged. This found was attended with 
an uncommon tremor of the air, and every where in thofe 
counties very fenfibly fhook the glafs windows and doors of 
the houfes, and even the houfes themfelves, beyond the ufual 
efFedls of cannon when fired near at hand. 

The account of this meteor was drawn up at large by 
Dr. Halley^ from the intelligence received upon the occafion 
by the royal foctety'*. The conclufion from the whole is 
plain enough : therefore inftead of making any remarks of 
my own upon it, I fhall add the more weighty and inge- 

• PbiL Tranfaa. No. 360. p. 978. This account is preceded by feveral others, leading to 
the fame conclafio.i, in the 2d vol. of Mr. Metti^ continuation of Lvwtborf% abridgment 
p. 138. *. 
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nuous reflexion of the celebrated author himfelf — " what 
" may be faid to the propagation of found through a me- 
" dium, according to the received theory of the air, above 
" 300,000 times rarer than what we breathe, and next to a 
" vacuum, / muft cmfefs^ I ktum not.*' 



CHAP. ir. 

Some pofitrui proofs^ that a medium, endued with very great 
force, is prefent between the interftices of grojfer bodies^ 
and in other f paces ufually called vacuums. 

LEAVING then the celeftial vacuum to be proved by 
fome future arguments, more unexceptionable than 
any hitherto advanced ; we muft defcend to examine the 
ftate of fbmc lefler vacuums j whether made by the help of 
art and machinery, or left by nature itfelf in the interfticial 
vacuities of fblid or fluid bodies. That none of thefe can 
with any philofbphical ftri<Slnefs be termed vacuums^ though 
we are fbmetimes obliged, for the fake of diftinftion, to call 
them fuch in common difcourfe, will be clear from the fol- 
lowing confiderations. 

Suppose a receiver (plate III. fig. i.) to be placed upon* 
an air-pump, and well evacuated. Into the plate at the top 
of it, a cylinder of wood or metal is inferted, and made to 
communicate with an electrical machine in motion. If the 
room be dark, a ftream of fire will be feen to iflfue firom the 

R lower 
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lower end pf the ele<^riied cylinder) and go (Irait down to 
the pJate at the bottom. But if ^y perfon applies his fin- 
ger to the fide of the glals, as ia 6gt U • the ftrcam will 
receive a new direiflion, and be bent to that part of the gla& 
to which the finger is applied. The better the receiver is clear- 
ed of its air, the better this efied will be found to an- 
fwer. 

In the opinion of feme fpedlators, prepoflefled with the 
notion of qualities y this might pafs for a good proof, that 
the finger attraSis the fire. Neverthelefs, that fome fubtU 
medium, though invifible, is prefent to divert the courfe of 
the fire, may thus be* proved. It may be previoufly learnt 
from fome other experiments, that the eledrical fluid is a<St- 
cd upon according to mechanical laws. Thus^ for example, 
the rofiftanee of the air being much greater upon the fphe- 
rical furface of a large cannon buUet, than upon the point 
of an iron rod ; the fire will be confined within the bullet, 
while it efcapes with eafe from the point of the rod. Where 
the refinance of the air is removed firom one part of a body 
while it adts upon another, the ele^rical Aream will go oS* 
at that part, fiom which the refinance is removed, without 
any regard to the figure of the body. In fhort, it is found 
from theie plain and intelligible cafes, that this fluid aSis a9 
it happens to be aEted upon^ and is impelled to that fide, 
where it meets with the leaft degree of preflijre. As the 
medium within the pores of fblid bodies, is known to refift 
it lefs than any other we are acquainted with, for this rea- 
fon it is driven toward the finger. But then if there be no 
medium within the glafs, the £:eam wiU be equally aflFedied 
on every fide ; or, which is the fame thmg, not prefl!ed at 
all on any fide, and ought to go diredly dowa to the plate, 
as before in fig. i\ for an abiblut^ vacuum) whiqh is n<h 

things 
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things cannot be able to impel and divert the courfe of it. 
If it is drawn to the finger by an unmechanical attradtive 
quality ; then I am to conclude, againfl all realbn, that this 
fluid is unlike to itfclf ; mechanical on fome occasions, and 
unmechanical on others. But we are under no necefllty of 
falling into fuch a contradi<SHon. An agent capable of adt> 
ing upon it by a mechanical impulfe or prefTure, is prefent 
within the receiver ; and if the reader is hot convinced of 
this, by what I have already faid (as I can hardly expeA he 
will, if theie things are new to him) what I am going to 
add will give fome farther fatisfadtion. 

I F the ele^cal sether be elajiicy as it is generally ima- 
gined to be, how can it pafs in an uninterrupted column 
tbfough an ejdiaiifled receiver, as it does in fig. i ? A co- 
lumn of air, moved fwiftly thro' the orifice of a fmall pipe, 
will go forward a confiderable way, if it moves through 
tither air which is a counterballance to it on every fide : but 
if fuch a Column of air enters a vacuum, what we call its 
ilaflkity occafions it to be difllpated in a moment, and 
equably diffufed throughout the whole exhaufted (pace. As 
the like does not happen to the eledtric fire, it is either not 
daflic, which cannot be fuppofed. Of the ftredni is counter- 
ballanced on every fide by a medium of its own kind, which 
prevents its difiipation. When it enters i tiledium rarer 
(that is, of mote fubtil parts) than itfelf, as within the pores 
of clofe and denfe bodies, it is then equably diffufed, like 
the column of air when it enters the exhaufted receiver. 
When it meets with a medium denfer than itfelf, as within 
the more open pores of glafs, amber, rofin &c. it will not 
6nter without fome violence ; as air is with difficulty forced 
into and confined tmder water. From thefe few and obvi- 
ous principles, naturally fuggefted by a fimilarity of circum- 
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Itanccs in the air, a fluid more intelligible than the fubtil 
aether with which we have had but a fhort acquaintance, 
the moft difficult appearances in eledlricity may be accounted 
for. 

The prefence of a medium within an exhaufted receiver 
doth alfo follow, becaufe there is no fpace, how perfedlly 
foever it may be evacuated of common air, wherein fire will 
not rife perpendicularly upwards from a red hot iron, and 
heat a receiver at the top more than at the fides, though 
they are neareft to the fire. The fumes of gunpowder will 
be carried up together with the fire, and in the dark will 
exhibit a beautiful appearance, verymuch refembling that 
of an aurora borealis. I made this experiment with the mer- 
curial gauge at 29 inches; and it would fucceed, as we 
have no reafbn to doubt, could it be brought to the full height 
of a good barometer. From this forcible afcent of the fire 
and fumes, there muft be other matter in what we call the 
empty fpace, by the prejfure of which the fire is driven up- 
ward. Thus we argue in all parallel cafes ; and if this be 
excepted, we muft have recourfe to an innate levity y which 
has long been exploded, and juftly enough \ Dr. Halley in- 
deed does allow of a tendemy contrary to gravity^ and an 
innate levity ; but I apprehend we are to take thefe for no- 
thing more than unwary expreffions. 

The Ipace at the top of a barometrical tube, if the mer- 
cury be pure, and the glafs clean and dry, is a much better 
vacuum than that of a pneumatic receiver. But the more 
effectually it is cleared of air, the better opportunity we have 
of fhewing it to be filled with other matter. For let the 
tube be inclined a little from the perpendicular, till the 
mercury reaches to the crown of it ; then if it be fuddenly 
reftored to its firft pofition, and the room be well darkened, 

• or 

* See page 119 &c. ^* 
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or the experiment performed in the night, a pale light will 
be feen to occupy the fpace, as faft as it is delerted by the 
mercury ; and this light will return, as it were by flaflies, 
fo long as the mercury continues to vibrate in the tube. 

I T was the fafhion, fome years ago, to give this barome- 
trical light the name of a mercurial fhofphorus ; as if it were 
an anomalous produ6tion from the mercury: whereas this 
light and the eledrical aether, as fbme farther enquiries have 
taught us, are one and the fame fluid ; and the mercury is 
not neceflary to the effed:. If the glafs of the tube be very 
thin, let the top of it be made to touch the conduEtof of an 
eledbrical machine, and the light will give the fame appear- 
ance as if the tube had been agitated. After this, empty 
the tube of its .mercury, and add fome contrivance for ex- 
haufting it \yf the air-pump ; then let it be applied to the 
conduftor as before, and ftill you will have the fame appear- 
ance of light. 

When a bafon- of mercury is agitated in vacuo y large 
flaflies of light will feem to be refleded from the furface of 
it. The mercury does not create this light, but only ren- 
ders vijible a fluid already prefent in the exhaufted Ipace. 
For the matter of light may, and actually does, exifl:, where 
the f^nfe of feeing will give us no information of it. A piece 
of fblid phofphoruSy immcrfed in a phial of water, is in all 
appearance as cold and opaque as a lump of hard wax : but 
as foon as it is taken out and expofed to the air, it finokes 
and fliines, and if excited by a fmart fridion will inftantly 
break out into an adual flame. This fubftance feems to be 
a mere creature of the fire, like fixt alcaline falts and ma- 
ny other productions of chemiftry; and in its preparation 
abibrbs a large portion of that element into its pores j whence 
Lemery, with great propriety, calls it a fire-fponge. So long 
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as it remains under water, the imprifoned fiit is kept in at 
quiefcent and inviflble flate; but if that prefTure be re- 
moved) it breaks out in a ftream, flying off as fire does 
from any other fort of fuel. It efcapes more eafily under an 
exhaufted receiver, than under the prefTure of the atmo- 
fphere ; for the fame reafbn that a veflel of hot water will 
grow cold, and part with its fire much fboner under the like 
circumflances ; and the eledrical phial, inflead of being 
charged, will return back its fire, as hO. as it is infufed. 

But the nature of that fubtil medium, which remains 
in every fpace from which the grofler air is exhaufled, may 
be fartlier underflood, by enquiring into the force and caa^ 
dition of it within the interjikial vacuities of fluid or fblid 
bodies. And as I fhall take the liberty to fpeak of eledric 
and elementary fire, as if both were but one and the famt 
thing, I mufl interrupt a little the order of my difcourfe, 
by inferting my reafons for fo doing ; becaufe fome ingeni-^ 
ous men fulped: them to be different, and have attempted 
to render it probable by experiment, though their reaf(»iing 
is qot fb flrid as to deferve any particular examination. 

I. We call that elementary fire, which lights a candle^ 
kindles Ipirits, and fires gunpowder. The elefhrical ather 
will do all thefe ; and if it be different from elementary fire, 
then we have two material caufes in nature, intended to pro* 
duce the fame effeds, when either of thefe alone would 
have been fufEcient. And again ; 2dly, if the eleftrk:al fire 
will have the efFeds of the elementary, it is equally true, 
that the elementary will have the effeds.of the cledrical. 
The rays of the fun will put amber and rofin into an at- 
trading and repelling flatc : the folar fluid being put into 
motion within the pores of thefe bodies, produqd the fame 
efFeds with the eledrical ; and in fome particular fubflances 
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a culinary fire will do the like; though neither of them in 
any very confiderable degree. 3. The light emitted by the 
attrition o( a glafs globe, and more efpecially the fpark of 
the eledric cxplofion, may be divided, by viewing it through 
a priihi, into the feven primordial colours, like the element 
that flows from the fun, or the light emitted by a common 
fixe; and the ftreams of this matter, within an cxhaufted 
globe of glafi, ailume all the colours of the rainbow ; of 
which phoenomenon, fbme experiments mentioned in the 
optics of Sir Ifaac Newton^ would afford a good folution. 
4. When the fblar light pafles through a leaf of gold, held 
up between the eye and a window, only the green-making 
rays are tranfmitted ; and it is remarkable, that the eledrical 
i^ark, which ifllies from a body covered with leaf gold, is 
of the fame colour, though fomething more dilute. Upon 
the whole, if thefe fluids, which thus mutually and in all re- 
^£ts afl[ume each others oflices and properties, are not the 
lame ; experiment is a thing not to be depended upon, and 
the moft obvious rules of philolbphizing, adopted and ap- 
proved by all parties, are no better than Ipecious deceptions. 
That the ele6bical fluid is the fame with that which is lent 
from the fun in the form of lights and gives heat to the at- 
molphere, is ftiU farther evident from the produdition of 
lightning. After a ferene day in the fummer, when the air 
has been exceedingly heated, and the thermometer has arifen 
fuddenly to an unufual height, we are generally fure to be 
vifitcd with thunder and lightning : in which cafe, the mat- 
ter difiharged from the air in the form of lightning, is un- 
doubtedly the fame with the matter that was accumulated^ 
and from which the excefs of heat proceeded. But the mat- 
ter of lightning, and that in the ele<%ric ezplofion, are now 
allowed on all hands to be the fame. I have had the op- 
portunity 
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portunity many times of obferving this to be the confe- 
quence, when Fahrenbeits thermometer has mounted Tome 
degrees above .76 : and it is a thing commonly known, that 
a courfe of hot weather in the fummer terminates with a 
thunder ftorm ; after which the air returns to a more mild 
and temperate ftate. 

The elementary, folar, and eledrical fire then, as we have 
every pofHble reafon to conclude, are but one lubftance a<ft- 
ing in feveral capacities. This matter, being lodged within 
the jjores of all bodies, water and ice not excepted, will leave 
no room for a vacuum. The denfeft of metals are pene- 
trated by it with more eafe than the air itfelf. The farther 
end of a column, of any imaginable length, will be affe<ft- 
ed by the fame touch that gives motion to the nearer, and 
in the fame moment of time. The fame quantity of it that 
is received into a body, will come forth from it again pre- 
cifely ; and where none can be driven off, none will be ad- 
mitted ; for if the Leyden phial be fet on a plate of thick 
glafs, fo that the external current from the coating is flopt, 
it cannot be charged : and for the lame reafon, if when 
charged, it be fet on glafs, pitch, rofin, or any other elec- 
tricy it will retain its charge the longer and explode with 
the greater force *, 

These things being confidcred, the element oi Jire ap- 
pears to have fuch a continuity of parts, and fuch a degree 
of force in its motions, as would not have been believed 

m 

• A young man, who fcrvcd me a year or two as an alliftant, and paid no regard to the . 
ihock in the common way, was rcfolvcd to try in private how this would anfwer j and uncx-* 
pedledly received fuch a ftroke, from a phial capable of holding not more than fix ounces of 
water, as laid him upon the floor, and he was not perfectly recovered of it in a month. Since 
this accident, being royfelf of a weaker frame, I nave never dared to enquire too nicely into 
that matter. The fame perfon was once flrucjc down in the field by a flafh of lightning,^ 
which . fmgcd his coat, and the fymptoms occdioned by thtfe two accidents, as he obftrved* 
himfelf, agreed in all refpe^lj. 

without 
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without Tome fenfible and immediate demonftrations of it. 
Yet the lame may be proved, without any help from the 
late diicoveries in eledxicity. It is the fame fluid that in- 
creafes the bulk of bodies when they are heated, by entring 
forcibly into their pores and driving their conftituent particles 
farther afunder. The cohefion of brafs and iron is too weak to 
refift the force of it ; and unhappily for the philofophic world, 
a very fmall alteration of this kind is eafily perceived in the rod 
of a pendulum. In boiling water, near one thirtieth part of its 
whole bulk, if we reckon only from the poiiit of freezing, 
which carries us but a little way *, is occupied by lire ; for 
to that degree its Ipecillc gravity is diminiflied, and conle- 
quently its bulk is increafed to the fame degree. Air, under 
the like circumftances, is increafed by one tinrd of its bulk. 
Now '"& a quantity of water, with a boiling heat, be fup- 
poled to occupy 3 o cubic inches ; when it is reduced to the 
loweft degree of heat, with which it retains its fluidity, it 
will occupy but little more than 29. Thus its dimenliohs 
will be different under all the various degrees of heat ; and 
as the degrees of heat are always in a fluduating ftate, this 
liquid, in common with air and all bodies whatlbever, will 
undergo a perpetual ofcillation. 

A queflion naturally arifes, how water, feeing its dimen- 
lions are thus alternately extended and contracted, comes to 
be incomprejfible f Such the philofophers of the Florentine 
academy determined it to be, by bruiling and battering 
with an hammer an hollow fphere of metal, filled with wa- 
ter and exadlly doled ; for the water, inftead of being dri- 
ven into a fmaller compafs by this external violence, was 

. - * Sir IfcMc NfjetoH eftimates, that water ha-s ebo've 40 timei mere portt than fartt. See Opt. 
b. 2. p. 3. prop.?. ,0^. 

^ r 
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feen to fweat like drops of dew thro* the pores even of gold 
itfelf *. So long as the water remains fluid, its parts cannot 
be in contaft ; becaule if fome of the jire be withdrawn, 
they will ibon be reduced to a lefler bulk, fbme force being 
externally applied upon this occafion by nature itfelf^ with 
which I hope the reader will be a little better acquaint- 
ed before I have concluded this treatife. If more fire were 
introduced, by heating the water thus inclofed, it would ei- 
ther come forth through the pores of the metal, or burft it 
all in' pieces. Now as the water itfelf is pafftve^ and may 
occafionally be comprehended under greater or finaller di- 
menfions, it can be no other than the agent within its va-^ 
cutties that refifls the compreiling force ; and its refinance 
is fo great) that no power of art or violence of machinery is 
able to ov^TGome it; though nature itfelf hath a way cS' 
overcoming it in a moment. 

As fome doubt may yet remain, whether it be the element 
of &re that fupplies the interfptrfed vacuum (tho' ih a tranf- 
pafent veflel of boiling water, it may be feen to enter through 
its bottom in bubbles ) or whether it be fome immaterial re^ 
pulfive f<»te ; I will try to explain myfelf a little farther 
upon this head, and add an experiment or two, which I am 
encouraged to hope may decide it. 

I F thcfe fpaces then are equably filled with matter of any 
kind, the quantity of this matter will be greater, where the 
denfity of the body containing it is lefler ; and vice verfd. 
If we can prove it to be univerfally greater and lefler as the 
rule requires, the conclufion will be undeniable, whether 
we are able or not to fix the exa<Sl: proportion of it in every 

f The Abbi Nolltt has a much more commodious way of perfonnisg thit, mentioned in the 
tft vol. of his i!r^«r//. 
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particular inftance, which perhaps is impofllble. • If the rule 
can be obferved to hold good generally and in gro:^, it is the 
utmoft we can exped or defire. 

Water and mercury then are fluids of very different 
deniities ; and the water, according to the rule abovemen- 
tioned, having the lefler denfity, and of confequence the 
greater number of pores, muft receive a larger quantity of 
fire into them, than the mercury will receive into the pores 
of that, fuppofing thenr both to have equal bulks and. equal 
degrees of heat. Let water and mercury therefore be taken 
in equal bulks : let the mercury be hot, obferving the de- 
gree of its heat by a thermometer, and the water cold ob- 
ferving alfo the degree of that. Mix them fuddenly ; and 
having ftirred them a little, fb as to render the diflribution 
of the heat equable throughout both the fluids; obferve 
carefully the temperature of the whole by a thermometer. 
Then invert the experiment in all points : let the water have 
the fame degree of heat that was in the former cafe given- to 
the mercury ; and the mercury have the degree of coldnefs 
before given to the water : mix them again ; and the heat 
diflributed through them both, will be much greater now the 
water has the heat given to it^ than when the mercury had if. 
The latter of thcfc, being thedenfer, and having the (ba^hter 
pores, will take a fmaller quantity of Are to give it an equal 
degree of heat : for if heat be nothing but the effeSi of fire 
in motion^ and the d^ee of the heat be as the motion and 
denfity of the fire taken together, certainly it will move 
with the greater violence and be more comprefled within 
the narrow paflages of the mercury than in the wider ones 
of the water, from whence the whole efFedl is fo eafily de- 
duced, that it. needs no farther explanation. The thing will 
be found to anfwer in the fame manner, but in a different 
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degree, with {pirit of wine and vinegar, or any other \h- 
quors, provided their denfities are fo different, as to render 
the temperature of the mixtures fenfibly different upon a 
thermometer. 

All this doth ncceffarily imply a transfufion of fbme 
matter or elemertt from one of the bodies into the other. But 
upon the fuppofiticm, that their particles are expanded by 
an innate repulfi^ of any unfubfiantial quality, thefe effeds 
are altogether inexplicable and contradictory : for how can 
a quality be poured, like a. liquor, from one veffel into an- 
other ; or move, like a river, with different degrees of force 
through channels of different breadths, as the fire plainly 
does? 

Hencb alfo the heat of fblids and fluids cannot confiil 
in the vibratory motion of their own proper particles, but 
in the adion and force of the fluid within their pores ; it 
being againfl the laws of mechanics, that the particles of 
water which are fourteen* times lefs in number and weight, 
fhould communicate more motion to mercury ^ than the par- 
ticles (rf an equal bulk of mercury will communicate to 
water. 

There is indeed a difficulty, which fbme may look up- 
on as a dired contradidion to what I have here advanced. 
For as a denfer fluid receives into it a fmaller quantity of 
fire to give it an equal degree of heat, how d^ it happen, 
that when an iron \% red hot^ a denfo fluid will deprive it 
of its fire, and cool it more and feoner than a rarer ? This is 
indeed oppofite to the rule already confirmed by experi- 
ment : yet it is aflerted by Dr. Boerhaatve in his cbemtftry ; 
and I know it is a thing generally taken for granted, be- 
caufe it is fo agreeable to fome opinions vulgarly entertained 
concerning fire and heat. I thought I could have depended 
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upon the w^iiiefs and caution, with which that great man 
ufuaily proceeded in all his enquiries, for the truth of this ; 
and was endeavouring to reconcile it : but finding that to 
be impofUble, I difputed the truth of the fa£t, and refolved 
to make the experiment,; which accordingly I did, and it 
fully anfwered my expedation. I took about five pounds of 
mercury, the whole of my ftock at that time, and having 
poured it into a crucible, obferved the temperature of it by 
a thermometer of Fahrenheit's fcale, and perceived it to 
be — — — — — - — 56". 

A fmall cylinder of iron was laid in the fire for 
10 minutes, till it was red hot; and after it had 
been quenched in the crucible, the mercury raifed 
the thermometer to -7- — — — 69°. 

Therefore the increafe of heat in the mercury was — 1 3*. 

* 

Then I poured an equal bulk of water into the 
fame crucible, and found the heat of it to be — 57**. 

The iron was laid in the fire as before for 10 mi- 
nutes, and being throughly quenched, the water 
raifed the thermometer to — — — 63*. 

Increafe of heat in the water — — - — 6". 

At a fecond trial, in which the iron had a glowing 
heat, the numbers came out, in the mercury ^ 18% 
in the water 9°. 

At a third, when the iron had the beft heat I could 
give it, the numbers were 20 | and 1 1 1. 

, I repeated the fame with a much larger cylinder of iron 
with a glowing heat ; and having quenched it, till it had 

done 
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done hifling, in the water ^ the heat c^ which was 53'; the 
thermometer was raifed to 1 50°. The mercury had a tempe- 
rature of 57°; but when the fame iron, heated as befcw«, had 
been quenched in that, the thermometer was raifed beyond 
the heat of boiling water y that is beyond 214°, and by the 
fwiftnefs with which it moved, I judged it would have gone 
much beyond the compaft of my inftrument ; therefore I 
could not determine the cxaft degree of heat in this cafe, 
without makii^ a thermometer on purpofe, which was not 
worth while. From the common refult of all the other ex- 
periments, the fame cylinder of iron, having equal degrees 
of heat, communicates twice as miuch heat to mercury, as 
to an equal bulk of water ; fo that the thermometer in this 
laft trial would probaby have arifen beyond 240°. Who would 
Jiave believed that fire fhould have an efFedl equal to 1 4, 
where it ought, according to the common eftimation, and 
the hypotbefis of a vacuum^ to have an efFed equal only to 
\}* And that iron, when quenched in fb denle a fluid as 
mercury, fhould remain fb many degrees /&^//^r, than when 
it is quenched in water ? 

• The fpecific gravity of mercury being about 14 times greater than that of water, the 
quantity ef matter in a given (pace, will be greater in the fame proportion. Now if there be an 
inttrfperfed •vacuum in thefe fluids ; and if fire be .stfthiftg more thiui a certain vibratory r^otion 
communicated to their particles ; then equal degrees of heat in any ignited body, ( as here in 
the cylinder of iron,) ought, by the laws of mechanics, to communicate 14 time$ as much mo- 
tion to a cubic inch of water, as to a cubic inch of mercury ; whereas it doth really communi- 
cate only halffi much to the lighter ©f thefe; as it doth to the heavier. Therefore the fupcrio- 

rity is on the wrong fide, and in the ratio of 23 to i, or 14 to 1, But all this is 'natural 

2 

enough, if fire is a fluid per fe, filling the interfperfed vacuities of other matter, and raifing a 
greater degree of heat, when it operates in a more confined fpace. 

Water and mercury, being fluids by nature Ample, iniipidy aod uninflammable, are, of all 
others in the world, the fi tteft for this experiment. If the fame trial were made on oil$, fpiriti, 
and other chemical liquors, which are inflammable, and impregnated with z /pirituous Jire^ 
m.:re eafy to be agitated; many curious and unexpedled varieties in the efFedl might occur, 
.concerning which, it may be unfafe to affirm any thing >vithQut duq examination. 
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Thus we are at length arrived to a conclufion, naturally 
fuggefted, and firmly enough eJftablifhcd, by a variety of 
fads ; that the heavens are not empty even of the element 
of air ; the contrary at leaft hath never yet been proved, either 
from the dodrine of refiftance, the finking of a barometer, 
or any other method ; and when the air is withdrawn or ex- 
cluded, it leaves no vacuum behind it, but only refigns its 
place to a medium of much greater power, whofe extenfive, 
and I may (ay, univerfel agency, will afford us a moft fub- 
lime and intelligible proof of the divine wifdom ; and at the 
fame time open to the curious a boundlefs field for enter* 
taining and ufeful {peculations. 

I F this be true, are not thofe phyfical authors among the 
moderns, who have rejeded, with a (bvereign contempt, all 
iubtil mediums, as things fiditious, imaginary, and not worth 
fearching after, hereby deprived of their grcatcft fubterfuge ? 
Bodies, they fay, are obferved to adhere, to fly from, and 
approach one another in the void {pace of an air-pump ; 
and as thefe effeds cannot be imputed to the air, they are 
not to be imputed ( as they have too haftily concluded ) to 
any other mechanical agency ; but to certain inexplicable 
virtues, which they call cohejion and repuljion, Thefe are 
the principles we are now, in the lafl place, to examine. 
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CHAP. III. 

Of the phyfical caufe of cohefioh. 

INSTEAD of letting out here with recounting all the mi- 
nute phoenomena of capillaiiy tubes, fponges, drops of 
quickfilver 8cc. &c. which have all been enlifted as (b many 
undeniable proofs of an attraSHon of cohefion\ though Sir 
Jfaac Nekton himfelf, more modeft with all his knowlcge, 
than fome who have retailed his do<%rines to us, propofes 
none of thefe with any thing more than a fulpicion or a 
conjecture concerning them ; and fbme of them, as I could 
eafily fhew, have not been fairly reported or fuffidently in<- 
fpeCted ; I defire it may be confidered -r- all the evidence of 
this fort is negative \ and owes its whole worth •to an arbi> 
trary fuppofidon, that the air is the only mechanical agent 
in nature ; and that merely through the want of another, 
WQ inuil have recourie to immaterial qualities, exerted by 
the particles of the bodies themfelves ; there being nothing 
elfe *, to which thefe effedls can be afcribed. 

To all this, I oppofe the following pofitive matter of fe<ft, 
worth an hundred little critical experiments, concerning 
which much may be (aid on both fides, while very little is 
underftood on either. It is this — Nature is provided with 
the element o{ fre^ a material agent of fufEcient force and 
fubtilty to overcome and undo the ftrongeft effeds vulgarly 
afcribed to cohefion. And as the defign of our inflnitely- 
wife and bountiful creator in appointing a material agency, 

• Sec Mr. Rtwting's account of the capilhiry tube in the frefact to his fyftem of philofophy. 

was 
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was to build up rather than to deftroy, to promote and preferve 
an orderly difpofition in bodies, at leaft as much or more than 
to caufe their diilblution ; it is evident to realbn, the fame 
agent, adling with (bme difference of condition and circum- 
ftances, muft be fufficient to do both. The air when ftirred 
into a tempeft will tear an oak up by the roots ; but was 
this the fole end of its creation ? Does not the lame air 
afllft the oak and all other trees in their growth ? and does 
it not nourifli and preferve many mo e than it deftroys ? 

Fire, another element, hath in like manner its different 
offices ; and we may hope to gain fbme light into its more 
fecret operations, if we argue by analogy from one of theie 
to the other. That fire is the great catholic dijfohent of na- 
ture, the chymifts have all been ready enough to confels : 
that it can unite ^ls well as feparate, ought not to be doubt- 
ed ; though it is what few will believe, unlefs they are pof- 
fefled of patience and perleverance enough to go through a 
clofe enquiry. However, this matter is not (o very difficult 
as they may apprehend. 

L E T us conllder this agent a while in the firfl and beft 
known of its capacities, I mean as a diflblvent. The par- 
ticles of mercury, fi-om the fphericity of its drops, fhould 
feem to be endued with a ftrong attra<5lion : yet thefe par- 
ticles will ceafe to have any cohefion, and be feplrated into 
fumes by a degree of heat but little exceeding that of boil- 
ing water.: The particles of water are alfo faid to be. endued 
with the like virtue : yet the agency of fire will very foon 
relax their cohefion, as appears by a fenfible diminution of 
their fpecific gravity. The fame fire ading with a ftiH greater 
degree of force, will at length totally diflblve their uniOB, 
and raife them aloft in fteam or vapour. The ordinary 
heat of the fun has a like effe<3: on the waters of the ocean. 

T All 
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All other fubftances, as well folid as fluid, are fubje£t to a 
reparation of their parts by the entrance of fire : the hardeft 
of metals, how clofely foever their parts may be conne<^ed, 
are eafily dijflblved and rendered fluid by the heat of a fur- 
nace, 

Conlabefa&atus rigor aurifdhitur ajiu. 

If nature then is provided by its author with an element 
of fuch power and adivity, as enables it to overcome the 
ftrongeft cohdlons ; it cannot be deftitute of an agent pow- 
erful enough to caufe them : if it can do the greater, it 
muft certainly be able to do the lefler. And without much 
difputing, do we not find it to be thus in hSt ? For the 
setber, aiding below a certain degree, will confblidate the 
particles of water into ice : if it ads above that degree, it 
keeps the water fluid : if to an higher degree, it renders it 
more fluid : if to an higher ftill, a total Reparation of the 
parts will oifue. But if theie parts mount up into the head 
of an alembic, where the adion of the fire is diflerent, they 
are united ^ain into a well conneiSbed body. Thefe efleds 
being anfw^'able in every inftance to the activity and condi- 
tion of a material agent, what neceflity is there for calling 
in the afliftance ,of an unmechanical attraSHcn f the work 
may certainly be done without it * ; and I am verily per- 
fuaded, fuch a principle would never have been ferioufly de- 
fended, if the agency of fire had been Searched into as it 
deferves. If I can fee the efleAs vaiy, as oft as there is any 
change in the element of fire, I am compelled, kf^ all the 
lules of reafbn and philoic^hy, to underftand diis element 
as the immediate caufe of thefe efledts, and muft receive it 

at 
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as Aich, till it is demonftrated to be inadequate ; the con*- 
trary to which hath been demonftrated already, and might 
be farther confirmed by (bme other experiments, which I 
inight hCTe introduce, if there were any occafion for 
them. 

The cohefion oi bodies by the adion of this fluid, may 
be illuftrated and confirmed in a ^miliar way by fbme pa- 
rallel efledsj in the explication of which we are all agreed. 
Let a ftop^cock be fafrened to the neck of a bladder, that 
it may be fcrewed upon the work of an air-pump : exhauil 
the air from it ; and having turned the ftop-cock, to pre- 
vent the air from re-entring, take it off die machine *. 
The bladder is now transformed into two flat fkins, fb clof^y 
applied tc^ether, that the flrongeft man cannot raife one of 
them half an inch &om the other : for, fuppc^g the blad- 
der to form the area of a circle fix inches in diameter, each 
fide is prefied down upon its fellow, with a force equal to 
396 pounds. On the contrary, if the bladder be blown up 
with air, and the flop-cock turned to prevent it from get- 
ting out ; it will be more difficult to bring the fides toge- 
ther, fuppofing them not to be rent in the attempt, than it 
was before to feparate them. 

I muft be albwed to put a cafe here. Suppofe a perfbn, pre** 
fented with this fpedtacle, to be unacquainted with the pef* 
fure cf the atmo^here; as many people undoubtedly are, and 
many of die learned alio were, but little more than a cen- 
tury ago. What will fuch a man fay, when he is pulling 
at the fides of the bladder, aqd finds it impofSble to Im 
up either of them ? If he is illiterate, he may think per- . 

* This will anfwer as well without the formality of an air-pamp. Only let the £des of a 
bladder be prefled flat together, while the neck of it is tied fail to keep out the air. 

T 2 haps 
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haps they are bewitched : if he has any knowlege of phi- 
lofophical terms, he may fay, " nature abhors a vacuum :" 
if he has any faith in the modern do<Strine of a vacuum, he 
will take this to be an undeniable proof of a very ftrong 
attraEiion. 

When the bladder is blown up ( allowing him ftill not 
to be aware of any fluid within it) he muft fay the fides re- 
pel one another ; or he may call them elajik ;, attributing 
that elafticity to the folid matter of the membrane itfelf, 
ivhich is the property of the invifible medium inclofed with-r 
in it. 

Attraction and repulfion, as here applied, are the 
creatures of this man*s imagination, to fay nothing of his ig- 
norance. If he is fond of his fancied difcovery, he will give 
himfelf no trouble about the real caufe of thefe appearances, 
for he thinks himfelf to be already in poflefiion of it ; and 
will not perhaps be very well pleafed with thofe, who en- 
deavour to go farther, " for ever aflerting his right to flop, 
** where he finds he can get no farther upon fure ground *." 
Many philofbphers were grievoufly difappointed, when the 
preffure of the air was eftablifiied by experiment ; the learn- 
ed Dr. Henry More in particular, who oppofed Mr. Boylt 
and profeflbr Sturmius with great vehemence upon this ar- 
ticle. He had long indulged himfelf in the belief of an hy- 
larchical principle^ z. Jpiritus mundi hyhftaticuSy which he 
defcribes as a Iwing plajlic naturey but brute and unintelli- 
gent. And thus he folved, without any more expence than 
that of pen, ink, and paper, all the appearances of the vi- 
fible creation. 

^ * See the preface ( of the editors ) to Mr. MacUmrtf^% account of Sir Ifaac NenuUn^i difcove- 
lies. p. 1 6. 

We 
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"We are apt to wonder in thefe days, how men of learn- 
ing could thus fupinely acquiefce in a fet of occult and bar- 
barous founds, and be ignorant of the weight of the atmo- 
fphere, to which an experimental enquiry muft inevitably 
have direded them. Yet our own pradice at this time is 
in fome refpeds no better than theirs ; we have afcribed an 
oracular dignity to a term, which has either no meaning at 
all, or many contradictory ones; a word that explains no 
more than the frincipium hylarehicum^ and not quite io 
much as the abhorrence of a vacuum — But let us return 
to experiment again. 

Instead of the bladder, let us now take two concave 
brafs hemifpheres, known by the name of the Magdeburgb 
hemifpheresy and firft invented by Otto Guericke. They af- 
ford an appearance of the fame kind, but more convenient 
to our purpofe at prefent. Apply thefe hemifpheres to each 
other : if you fqueeze them ever (o hard together with your 
hands, they are eafily feparated afterwards, and moft pro- 
bably will fall afunder by their own weight. What is the 
reafbn of this ? Every fluid, we know, will naturally be in 
equilibrio with itfelf : the air, being here applied both to the 
inner and outer furfaces, will prefs with equal and contrary 
-forces ; which only deftroy one another. But if the air be 
exhaufled from within, there will then be an excefs of pref- 
fure without, by which the hemifpheres will be firmly fixed 
together. After this, if the air be again admitted they will 
^1 afunder as before. 

Thus then let us argue : that as the air, when it enters, 
puts an end to this adhefion, by reftoring an equilibrium, it 
is plain there wa^ not an equiHbrium before : the action 
from within, muft have been weaker than the adion from 
without, if the efled ceafes when the former of thefe is made 

equal 
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equal to the latter. And I defire the reader to obferve, that 
the offices both of uniting the hemifpheres, zxa^ feparating 
them, are exercifed on this occafion by om and the fame 
fluid. 

I p this reaibning is jufl, the tranfition from the (urfaces 
of the brafs hemifpheres, to the cohefion of the bra(s itfelf^ 
will not be very difficult. For let this brafs be thrown into 
a furnace ; it u)on grows red ; and as the heat increafes, it 
becomes in a manner tranfparent : the matter of the fire pe- 
netrates into the body o( the metal ; and when the medium 
within is nearly in the fame condition with the medium 
without, the brafs runs, and there is an end of its cohefion. 
An tSt&i which is thus made to ceiaie in a mechanical way, 
may be produced in the fame way ; and if the entrance of 
the fire (as we drgued above) diflblves and feparates the 
parts of the metal ; the exterior prdTure of the fame ele- 
ment, though in & di^rent condition, was the true cauJe of 
their cohefion. 

Deny the* exiflence and prefiixre of the air, and you 
muft have recourfe to attradion, or fui^ion, or an incor^ 
poreal agency, to account for the adhering of the hemi- 
fpheres. Allow but the exiflence and prefiure of elementary 
fire, the reality of which is manifefl to as many ci the bo*- 
dily fenf^ as the reality of the air, and you need not have 
recourie to any of thefe thinj^ to account for the cohefion 
of the brafs. 

Between thefe two efFeds there will be a nearer and 
more apparent refemblance, if the hemifpheres, inflead of 
being evacuated by the machinery of a pump, are heated 
moderately at a fire. The more fubtil fluid, rufhing into 
the concavity, earpands and takes the place of ibme of the 
grofler air, or rarefies it, as we commonly fpeak. In this 

flate 
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ftate let them be applied, with a luting of any kind to the 
jcant, and dipt in cold water : they will adhere as effe<ftu- 
ally as if part of the air had been withdrawn by exfudion. 
In like manner, when the fire diflblves a mals of metal, an 
extremely fine and fubtil fluid paflcs freely through the bo- 
dy of it : but as it cools, this medium within, having no 
frefh fupply, evaporates in part ; and the remainder, grow- 
ing continually weaker, yields to the fuperficial prefllire of 
the lame element, in a colder and lefs rarefied ftate ; from 
whence the whole effedt muft follow in a natural way ; and 
the agent which drives the parts together, being univerfally 
prefent, will keep them . together, till it is again counter- 
acted as before. If any experimentalift fhall hereafter be 
able to exhibit one fingle inftance of a cohering body, where 
he can prove the internal and external prefllires to be equal 
in all re(peds, we may then grant him his attra<^ion ; we 
may confefs, fuch an effed is not brought to pals in a fhy- 
fical vf^Ly ; and that we underftand no more oiF the caule of 
cobejion^ than he has exprcfled under that word; which is 
juft nothing at all. 

I N the nfechanicai way (^ ^ving the ctufe of cohefion, 
<rf^ which I have thus ventured to offer a fhort draught, I 
perceive there is one article that wants to be explained and 
confirmed a little farther. It will be granted me, I jM-efume, 
that the matter of fire, hy penetrating throu^ the furface 
(^ a fblid or fluid body, ads mtemally with an expanfive 
(force, to loofen and drive afunder its conflituent particles. 
But where fliall I find a medium to aft externally^ and over- 
<oome this nK)tion of the ia^ when the body grows cool and 
begins to concrete ? If I fhould lay, the heat within is coun- 
• teraded by the cold without, and that cold is the agent ad- 
ing externally, it will be aiked again, how cold, a mere fri- 

vation 



152 OF THE PHYSICAL 

vation^ can be taken for an agent ? But that cold is a mere 
3rivation, I cannot believe, becaufe experiment fhews it to 
3e the effed of a cold aetherial fluid, as heat is the efFedl of 
fire, an hot fluid. I cannot fl;op here to purfue this fo far 
as it defer ves : it will ferve my purpofe at prefent, to prove 
the reality of a cold tether^ different from common air, and 
of fufficient power in its operations to execute the office I 
have afligned it. 

Spring- water, it is well known, contains in it a large 
portion of air ; and moft of the medicinal waters, fuch as 
Pyrmont^ BriJioJ^ Tilbury &c. contain much more than the 
water of common fprings. But there is an eafy method of 
extradling all the air, fo that no part of it fliall remain. This 
is done by boiling the water, and then placing it within 
the vacuum of an air-pump. When it has remained in this 
fituation till it is cold, it is fufficiently purged of its air, and 
ready for the experiment I am about to propofe. 

Pour forae of this water into a fmall glafs phial with a 
long and flender neck ; obferving withal, that the furface of 
the water is to reach no higher than to the bottom of the 
neck. Set this phial on a fmall transferring-pkte, and co- 
ver it with a glafs receiver, from which exhauft the air as 
perfedlly as pofllble. Then plunge the receiver, with its 
included phial of water, into a freezing-mixture, compofed 
of fnow or beaten ice mixt with common fait, or powdered 
fal ammoniac^ which is better. In a very little time, your 
phial of water will be frozen into ice, which runs much 
higher into the neck of the bottle, and occupies more fpace 
than the water did in its fluid ftate. This intumefcence, a$ 
you will perceive upon infpeftion, is owing to a great num- 
ber of bubbles^ difperfed within the body of the ice, which* 
certainly are not compofed of air; for air does not fwe^ 

and 
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and rarefie with cold, but is always condenfed into a lefler 
jpace. Befides, there was no air either in the water or the 
phial, neither can air penetrate the glafs of the receiver ; and 
if a fmall gauge be included together with the phial, and 
the ice be melted after the operation of freezing, by bring- 
ing the receiver near a fire, thefe bubbles will rife up and 
burft at the furface, as the ice grows liquid ; but after all, 
the gauge will not be affedled by them, as it would be, if 
they were of the fame nature with common air. When the 
ice is all reduced to water, and wholly cleared of its bub- 
bles, repeat the fi-eezing ; you will perceive the fame intu- 
mefcence as before, and the fame colledion of bubbles : and 
thus it will' happen toties quoties ; as I can venture to fay, 
becaufe I have been at the trouble of making this experi- 
ment, fo far at leaft as to fatisfie myfelf of the truth of what 
I affert. 

This fubtil aether, though but fmall in quantity when, 
compared to the bulk of the water, is introduced with a 
force, which art would find it very difficult to meafure ; a 
force capable of burfting ftrong veffels of filver and brafs, 
fuch as might be filled with air many times condenfed, with- 
out receiving the leafl damage. The experiments of this 
kind, made in the academy del Cimento *, do well deferve 

* See their experiments on artifidal-freexing. p. 69 &c. But left it fhould be thought, that 
the efFeAs, I here refer to, were owing in any degree to common air, I muft be^ leave to fub- 
join the following experiment. I made a ftrong cylindrical box of metal, with a broad rim, 
to which a flat cover was applied (6 exa£lly, by grinding one upon the other in a turning-lath, 
that when the cover was laid upon the box, no light could be feen through the joint, llien 
I prepared fome water, by boiling and placing it upon an air-pump. This water, when cold, 
was lo throughly purged, that it would not yield the leaft bubble of air« when the pump was 
well evacuated ; and this I tried immediately before the ufing of it. I filled the box with 
fome of ity till it ftood convex above the rim : and having applied a wetted leather to the co- 
ver, fcrewei it down firmly upon the box with four iron fcrews ; by means of which, it was 
made mr-tight : and in this ftate, I fuppofe, the box and cover would not have been feparated 
by a weight equal to half a ton, and perhaps not by a great deal more. Having plunged cher 
whole into a freezing mixture, the water was frozen into a folid mafs in leis than half an hour ; 
and as its bulk increafed, by means of the indofed bubbles of coM, three of the fcrews were 

U forc:?i 



154 OF THE PHYSICAL 

the attention of thofe, who require any farther fatisfd^ion 
in thi^ matter ; and to theie experiments I reft^^ as to fo 
many proofs of an asther, cold, fubtil, adequate to all the 
effedis of coheiion, and different from common air. It ift 
true, I am not confined to thefe; there are many other 
ways of proving the fame thing ; and the phcenomena of 
ek<^ricity have ferved to c^n the eyes of (ofot few expeari- 
menters ^ fa that I have the fatisfadion to find, I am not 
fingular in afBgning a Mechanical caufe of coheflon. 

The ingenious Mr. Wilfin I". R. S. in his treatife m ekc^ 
trkit^f p. i&7, i& of opinion,, "that cc^efion may arife from 
*< the mutual action of the light contaaTml within hodiesy and 
*^ of the atmo^herul^e furrounding them, the pfefiure of 
<< which abne may be fufHcient to make their parcicks co- 
" here with a great force &c." Dr. B<ferhaave ai& hath dropt 
an hint, as it were by accident, which greatly favours what 
I have advanced^ '^ If thcrefoi!e (fays he) cokl were a. mere 
*^ privation of fire, the power which contraSls the particles of 
" a fblid body, would he innate, or implaoted isi the natuie 
« of body itfelf ; while the power that expands ^ would de- 
*< pend vpoa the fire, and coni^uently be fomething extrinr> 
**fic." See Boerh, Chym. by Shaw, Vol. i. p. 219. He 
feems here to me, to mention this as an abfurdity in nature. 
And furely it is incredible, that bodies fhould be relaxed by 
the force of a medium^ and confoUdated by an tUtraSiicn in 
the matter : in other words, that the particles, of which 
they confift, fhould be moved outwards, from a to b, by a 

forced by the violence of the prefiure, and the cover was raifed up on one fide, about a quarter 
of an inch above the rinit 

Common aits >t i» certain, could have no fliare in this eficA ; the whole being occafioned 
by a finer ttthtr, <b finall in quantity, that it did not occupy a cubic inch ; and fo great in 
foicf , tiUt it* preffore muft have been an btaiirtd timti greater than that of the atmofphere, 
which !• only fiurttut ptmuU upon a furface of- an inch fyuart. 

mecha- 
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mechanical force, and brought back again, from b to a, by 
an occult quality. Would this be agreeable to that unifor- 
mity, which is every where to be obferved in the ways of 
God ? it muft follow therefore according to the fufpicion of 
this author, that cold is not a privation of fire, but occd- 
fioned by ibmething as red * and pofitive, as that fire which 
is the occafion of heat, I lay no more in this place, having 
coniidered this point particularly in the enfuing pages. 

There are another ibrt of reafoners amongft us, who 
ieem to glory in their ignorance ; and have jMccipitately de- 
fied all the philofophers upon earthy to account for cohefiot), 
otherwife than by the power of the Deity immediately inter efl~ 
ed. After the extravagant lengths thefe gendemen have gone, 
for the fake of gaining Ibme credit to I know not what me- 
taphyfical reveries, they muft be endued with a degree of 
candour and ingenuity rarely to be met with, if they will 
attend to any thing of this kind. But I muft beg leave to 
remind them, that if they will account for cohefion by im- 
material impulfes and miracles, they fliouldt account for the 
adhering of the two exhaiifted heraifpheres after the lame 
manner, and deny that the air is employed as aft inftrunient 
in this bufinefs. For I humbly think, it is- c<M)fiftent neither 
with the wifdom nor the power of God, that he fliould or- 
dain an inanimate fubftance to produce fbme efied«, and 
produce other fimilar efHe^ by the immediate infitiente of 
his own divine edence, b^caufe they are concaved to be bs>- 
yond the reach of any inftrViment even of his coft»ivirtg. 
Such a concluiion as this, no pious ma% who is really con^ 

* Flaf 19 very dc* t^on dvs article^ in the dircoorie' of kis l^imams LocrnB^^rw f$%j wr ^ 

rnxXmnnsM m. y What vTt call h«*r conftts of vtfy fihe f^nu "iAMt Qrvti i^ kp^HU i1i$ 
'•diflll\c bodies: but cold is made up of grojjer partsy which prcfs upon and flop upjtherr 
**porcs,*' Plat, Op. Serr. Vol. 3. p. 100. 
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cerned for the honour of God, can eafily digeft ; and Mr. 
Boyky I am perfuaded, would never have admitted it. Na- 
ture is extremely fimple in its agency, though infinitely va- 
rious in its produdions : it is not made to a<Sfc by corporeal 
impulfes for the produiSlion of fome effeifts, and by attrac- 
tions and fpiritual influences for the produ<^on of others. 
Of this fimplicity in nature, if we can truft to their own 
declarations, philolbphers of all ages have been perfuaded; 
and it is no fault of mine, if fome of them have unhappily 
departed from their own rules, and made nature to abound 
with almoft as many cauies as efifeds. 



CHAP. IV 

An experiment to confirm and illujlrate what has been ad- 
vanced in the foregoing chapter : with fome obfervations on 
heat and cold. 

1 Should very far exceed the bounds I have prefcribed 
to myfelf, were I here to run through the natural hiftory 
of cohefion, and diftinguifh all the variety of cafes I have 
colledled, fome of which may be intricate and difficult e- 
nough, whilft others would ferve to clear them up, and con- 
firm the principles I have advanced. I cannot however for- 
bear to feleft one example, as it feems to yield us a palpable 
proof, that cohefion is cauied in the manner I have fup- 
po&d. 

There 



CAUSE OF COHESION. 157 

There is a toy made in our glafs-houfes, which the learn- 
ed have treated of under the name of lachryma vitrea ; the 
workmen call them glafs-pears^ and they are commonly fold 
in London for the diverfion of fchool boys ; though they are 
attended with a phoenomenon, which hath excited the ad- 
miration of moft of the philofophers in Europe. They are 
made of the ordinary green glafs, by letting fall a large drop 
of it, when in fufion, into a veffel of cold water. If a piece 
of the neck be afterwards broken ofF from the drop thus 
prepared, the whole body of it burfts afunder with an ex- 
plosion, and is fpHt into a thoufand fmall fragments, which 
may be crumbled into duft without any injury to the fin- 
gers. This efFed:, wonderful as it is, may eafily be traced 
up to its caufe. 

It was obferved above, that as a melted metal grows 
cool, the fire that had been lodged within it, evaporates by 
degrees; while a colder aether, prefling on the fuperficial 
parts, brings the whole to a due firmnefs and coherence. 
Here we have a noble illuftratjon of it. The fiire, having 
rarefied the particles of the glaft, and put them into a ftate 
of fufion; the cold, applied fuddenly by the water to the 
fuperficial parts of the drop, forms a condenfcd cruft of 
glafs over the whole, before the fire within has time to ef- 
cape in a regular way. By this means, the inner particles 
are clofed up in their rarefied ftate ; and when all is cold, 
there remains between thefe particles what cuftom, and the 
poverty of language, obliges me to call a jire-vacuum^ ana- 
logous to the vacuum of an air pump. When a piece is 
broken off from the fmaller end, a part of the rarefied core 
is immediately expofed, the interftitial paflages of which are 
fo open, as to admit an aether that ought to have been ftopt 
by the furface : this aether rufhing in fuddenly, as air into 

an 
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an exhaufted veflel, fills the pores with fuch violence, as to 
rend the whole fubftance into atoms. The channels formed 
by the difpofition of the pores, muft likewife be of fuch a 
figure, as will contribute not a little to the fuccefs : for as 
the matter of the glafs decreafes in its rarity from the axis 
of the drop toward the circumference, all thefe channels will 
reprefent the figure of a wedge ; the propriety of which in 
this cafe, and the confequences that muft attend it are clear 
enough. 

It is not air that occafions this effeft, becauie it will 
anfwer beft in vacuo ; and what is very much to my pur- 
pofe, it is then attended with a flafh of light ; for the obfcr- 
vation of which curious circumftance, we are indebted to 
the French academy*. 

I N fome trials, the progrels of the effed hath been fuch, 
as plainly to point out the true and natural folution of it. 
Francifcus Redi, who publiihed 41 different experiments 
upon thefe bodies, without adding one word of enquiry af- 
ter the phyfical caufe, informs us, that when he had coated 
one of them with plaifter of Paris^ leaving out Ibme part erf" 
its tail to be afterwards broken off, the coating was rent by 
the explofion at the bafis of the drop ; *^ as if the force of 
** the fra&ure took its rife at the extremity of the tail, and 
**paflmg downward from thence to the bafis or bottom, 
** forced away the plaifter of Paris in that place" •j-. 

I T is farther remarkable, that if one of thefe bodies be 
laid upon hot coals, or boiled in oil, and doth not burft in 
the operation, (which very frequently happens) it is reduced 

• m/i. de VAead. 1691. p- 307. 

\ Guttula nimpendo vim bafin Tcrfus Secret, & in ei parte taccraret gypfum, ac ft vis rap- 
.kurx ( riginem caperec a prindpoo caudc, iretque femper impellcndo vertvs baAn ant fuBdam 
guttulx. Redi Oijirv. ^.61. 

to 
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to the temper of common gla(s, that hath been regularly an- 
needed ; and if xt& neck be fnapped ofF^ the ufual event does 
not follow. The fire relaxes the indurated cruft, and hav- 
ing gained a [faflage through it by flow degrees, fills up the 
pores of the glafs without violence ; after which, it grows 
cool with a more equal and regular difpofition of the parts. 

i p thefe things fhould not appear to others in the fame 
light as to myfelf, I cannot help it. I leave it to be confi- 
dered, whether we fhould not come much nearer to an a- 
greement, if inflead of attempting to annihilate the agents 
God hath created, they would fpend feme labour upon the 
ftudy of them, and examine the wonderful effedts di Che 
aetherial elements, without a refolution to find attra^ion and 
a vacuum^ where no fuch things ever exifted. The eSeds 
of heat and cold, as daily exhibited to ovx fehfes in the cnf^ 
tomary changes of the weather, are fufficient to juftifie me 
in what I have deduced ftc»n them. When the weather 
grows warm, the power of cohefioa grows weaker ^ whei> 
the weather becomes cold, this power is increafed ; and fhe 
hardeft of metals, in common with all other bodies, are 
proportionaUy altered in all their dimenfions. Extreme heaC 
will diilblve them ; extreme cold will harden, and renden 
them lb brittk, that large bars ti iron may be eafily fnapt 
\vk funder, after they have been expofed all night t& the open 
aar in a fevere froft. A power of fb flii<^uating a nature, 
and which is thus rendered greater and' lefi^ with every 
change of the elements, can be no property of the cohering 
matter. • 

1 p the changes of the atmofphere are found to make the 
heigh(>8 of the mercury in the barometer vary ; who can 
doubt, thac the prejfure of the airh the fble and adequate 

taufe 
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caufe of its fufpenfion ? and accordingly, if the air be to- 
tally removed from the furface of the ciftern, the n^ercury 
drops to a level with it. Therefore it hath never once been 
fuggefted to us, that mercury is endued with the property of 
flying up into a glals tube. 

Thus alio, if the degrees of denfity in a cohering body, 
vary with the degrees of heat and cold ; where fhould we 
feek, but in the element of fire, for the true and phyfical 
caufe of cohefion ? when we defcend indeed to the precife 
mode of its operation, it is hardly to be expeded our ideas 
can have a mathematical exadnefs. I take it for granted 
they are very grofs, and fuch as we ftiould be aftiamed of, 
if the fenfe of man extended to the firft principles of matter, 
which God, in great wifdom, hath purpofely placed out of 
of his reach. But it is no inconfiderable ftep in philofophy, 
barely to determine the queftion, whether God hath chofen 
to ad: by material inftruments, or immaterial influences : .it 
being of the utmofl: importance in every fcience to begin 
rightly, and have our labours direded into a proper chan- 
nel. 

As it will probably be much doubted, whether the ope- 
rations of heat and cold are to be afcribed to elementary, 
fire, as to one and the fame fubilance ; that matter, I think^ 
may eafily be adjufled by obferving what happens to a com- 
mon thermometer. When you bring it near a fire, and find 
it rifes from 55 degrees, the point of temperate, to 212, the 
degree of boiling water; to what fubflance do you impute 
this, and what is your name for it ? doubtlefs you will tell 
me, it is. elementary fire. Suppofe the thernipmeter to be 
fallen 32 degrees below the point of freezing, and to be 
raifed from thence up to temperate; during the greater half 
of which motion, a very fevcre eoldmfs is predominant. Now 

if 
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difierent ftations of the thermometer, that is, all the diffe- 
rent d^ees of heat and cc^. 

Upon thefe confiderations, I have followed the moft 
eminent of the cbemiils, and fbme modem writers on dec- 
tricity, in ufing the word fire in its krgeft fenfe^ when I 
mean either fire^ or Ught, or other. We may indeed call 
it by any of thefe liames, becaufe the fame fluid muft be 
underftood by every one of them : though if we were to 
ftand upon fliidnefs and propriety di expreffi(Mi, it would 
be neceflary, oq fome occafions, to ufe the firf^ of thefe ; 
on others, only the feccMid or the third. When this fluid is 
cold and inviiible, or a^^aring only in pelhicid bubbles 
Bke air, as in the freezing-experiment, let us call it other 
— <« cxcus ^nis expers lumims "^Z* When it becomes vifible 
and lucid, it is what all men have agreed to call light. When 
ic gives heat and burns, it is fire. The em|^yment moft 
agreeable to me, is to fearch after things, and tty to reader 
them intelligible : if I can but be lb fortunate as to make 
^nne little pcogrefs in that refped, I leave the reader to cor- 
re£b my exprefBons, and fettle the application of words at 
his own difcretion. If he has had patience enough to follow 
me thus far, I hope he will hear me out, whUe I examine 
the nature of anodier fert of power, oppofite to attradion, 
and diftinguifhed by the writers of thefe tioies under the 
name of reftdfion. 

* 9* 



CHAP. 



OF THE PHYSIGAL CAUSE 6cc. 163 



CHAP. V. 

Of the pbyfical caufe of repulfion ; fartkularly at this prin- 
ciple is applied to the elafticity of the air. 

IT is needlefs to repeat all the inftances commonly urged, 
either to illuftratc the operation or prove the reality of 
filch a principle as repulfion. The beft-known, and moft 
univerisd of theie, is the elafticity of the air ; the property by 
whidi it reiifts any compreillng force, and which the great 
Sir Ifaac Newton^ and others, have endeavoured to account 
for, by fuppofing a repulfive force to be implanted in its par- 
tides : for thus, it is preiumed, they may drive each other 
farther off, without the intervention erf" any odicr matter *, 

I p repulfion is propofed to us, as a difcovery of the caufe 
of this property in die air, common fenfe will remonftrate 
againfl (uch an imposition. Experience wHl teach us,' that 
the particles of the air are by fome means or other repdled 
to a certain diftanoe, and cannot be forced into immediate 
contadt, by any power we ^ arc acquainted with. To inform 
us, this is owing to a repulfiorty is but to tdl us ( by ufing 
the noun fubftantive inft^ of the verb) what we knew be- 
fore, namely, that the particles are repelled. Repulfion is 
the fa6i ; the caufe of repulfion is ftill to be enquired af- 
ter. 

* '< Which vaft contradUon and expanfion (of the air) /eemt tuiinteBigihUy by fe^ninj; 
'< the particles of air to be (priirey and nunouSj or rolled up like hoo|>s, or by a^ ether 
'• means than hj a repute power. Newt, Opt, Q. 31. 

ft 
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Mr. Boyle^ always ready to offer fome mechanical folu- 
tion of what occurred to him, fuppofes the aerial atoms to 
be a fort of elaftic fpirals, like watch-fprings. Thus they 
may refift any incumbent prcffure, and naturally reftore 
themfelves to their former ft ate, when that preffure is re- 
moved. Bernoulli^ who ftudied the aether in a mathematical 
way, gives up this whole affair as ^n inexplicable, myfiery of 
nature *, when his own principles might have helped him 
to underftand it : and Du Hamel^ a (amousCarteJiany cm- 
braces the hypothefis of Mr. Boyle as abfblutely necejary +• 

But if fome^circumftances are laid together, this necefllty 
will fbon difappear ; becaufe if it be admitted, it will carry 
us into very great abfurdities. The fteam of boiling-water, 
as we find by its effedls, is equally elaftic with the air ;' and 
is therefore applied to give motion to a fire-engine for draia^ 
ing the water out of mines, in the performing of which, a 
very great pqwer is requifite. The force of this fteam in 
Papin^ vdigeft^ is incredible ; and, without due caution^ 
would burft the ftrongeft veffel. In xhit ^olipiley it appears 
as an extemporaneous air, and its elajiicity is as manifeft as 
that of the air.^ Arc the particles of water th&n of a fpiral- 
like form? and is this fuppofition necejfaryf If it is not 
neccflary to account for the elaflicity of water, it cannot be 
fo to account for that of the air. Fire, which adb upon 
the former of thefe^ and by expanding renders it elaftic, 
may produce the fame effed: in the other J. It would be 
abfurd to feign a fet of fpringy particles in water ; this fluid 
in its ordinary ftate being reputed tinelaftic : and in fad:> 

♦ De Gravit, Mther. p. 8 1, 
t De Confenfu Vet. V Nov. Phil. p. 220. 

X Aquarum enim quafl vapor, quidam aer haVfcndus eft. Is auCem exKit mtu ejus 
calorisy qui aquia continetur. Cic. (k Nat. Deor. L»2. io» 

on 
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no author I have ever met with hath been {o unreaibnable as 

* 

to fuppofe fuch a thing. The particles even of mercury it- 
ielf, ponderous as it is, when fubiimed by the impulfe of 
fire, become elaflic Hke air or water, and will burll the veC- 
fel in whidi they are confined. When a drop of mercury is 
thrown into a. naked fire, it hifles and explodes Hke water. 
Is mercury alfo compofed of fpringy particles ? or rather, 
do they not manifeftly borrow from the impulfe of fire all 
the elafticity they are endued with ? For if the agency of 
the fire be fuddenly chcckt, the elafticity of mercury, of 
water, and of air alfo, in its proper degree, departs together 
with it. 

The true caufe of this elafticity hath been acknowleged 
-by fbme ii^nious men, whofe labours were fure to be at- 
tended with fome fuccels, becaufe they argued with fadls 
.before their eyes, and endeavoured to examine them to the 
bottom.. It is greatly to be wifhed, that all philofophers 
would do the like. Dr. Shaw, in his ufefiil notes on Boer' 
Jbaaves chemiftry, afiures us without any hefitation, " that 
"the a<3ive. force in air, which produces fo many efieds, 
." does really ali arife fi-om the ^re contained in it *." And 
Dr. y^kx. Stuart, in his ledures on mufcular motion, which 
contain fome curipus obfervations in anatomy and phyfics, 
has the following words — " Thus it appears that this ex- 
** panfioH and repulfe is not owing to the natural elafticity 
." of the air, but to a foreign power, to wit that oi fire -gjO^- 
<* ing upon it ;" which the authcv clafies among the ipedes 
of fluids, vifible and obvious to the touch f . 



• Vol. I. p. 220. . 

t Fhilof. Trimfa£f. abridg. by Martyn, vol.9, p. 285. 
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diking refuge under 
iu.-Mic xhus impde a belief of 
>. ^<.^tfanlbated ; only let a blad> 
mkt dofely tied about the neck, 
^^ . : «uj immediately fwell ; and the 
,^..;mm; jht %vill increaic, as the a6tion of 
asiv^wSi If A bladder were blown quite 
i^. .kcttc of fummer, and preferved till the 
. K will have loft much of its elaftici^, and^ 
d linaller ^>ace. Thus, if a greater degree 
le tire gives more eJaiticity, and a lefler de- 
vijuticity, to the fame quantity of air ; the element 
.tiHKa'^ ^ ^^^^ ^^ direction of this property, and is 
.•,v toimcdiate phyikal caufe of it at all £eafons. That fire 
sK uwAVS iatermixt with air in a certain proportion, is evi* 
ucuc trom the thermometer. 

rHis whole afiair ieems to be in a manner (o felf-evident^ 
that it would be idle to iniift upon it any &rther. How- 
ever, there is a powerful objedtion or two, to which I have 
never yet feen any reply : and certainly they deferve to be 
carefully examined, becaufe they have been thought to 
countenance the dodbine of repu/fiom, fpringy particles &;c. 
It is obiervable, that a flaccid bladder, placed under a 
pneumatic receiver, will be diftended when a part of the air 
if withdrawn from the outfide of it, after the fame manner 
at if it were held before a fire, but in a much greater de- 
gree. If fire is the immediate caufe of this property, how 
can the repuliion increaie, when the heat does not in- 
creafe ? 

Mr. Boyk hath entitled this -~* << a difcovery of the admi« 
rable rarefaction of the air, tvm without heat'*** But this 

* See Btltm't abrigd. V. a. p. 2491 
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is not a jtift and proper refn^ntatioo of the caie : it (hould 
have been faid '^ without any additional heat/* and then 
there would have been no obfcurity ; an additional heat be> 
ing not requifite upon this occaiion. We need only a{^)eal 
tp a thermometer placed within the receiver, to prove the 
degree of heat there to be the lame as without in the cir- 
cumambient air. This heat is fufEcient for the purpofe, 
and will neceflarily produce a rarefadtion within the bladder^ 
when the veflel that enclofes it is exhauiled. 

S o long as the receiver is full of air> of the fame tern* 
perature with that in the Hadder, there are two equal forces 
countera(Sting one another; there is air within the bladder^ 
rendered elaitic by the ftanding degree of heat at that time 
in the atmofphere ; and there is air equally elaftic, preiHt^ 
externally and with equal force, on the outer furface of the 
bladder; io that while things remain in this ftate, all wiU 
be at reft. But the effe<9: will be jull the famc^ whether 
you add more heat to the infidey or tah away an equivalent 
d^ee of the refiftance from the out fide : a rarefa<^ioa muft 
follow upon either of thele changea ; and as fire is always 
exerting its forcd, it is ealy to predid: what the event will 
be, and what in reality it is found to be, when the reiifting 
air is withdrawn. For fuppofe two men, of equal ftrei^th^ 
were pufhing, one on each fide^ againft the door of a room, 
which will open either way : it will be the fame in efiet^ 
whether you add another man on the infide, or take away 
your man firom the outfide ; the door will be opened out-* 
noardfy in either cafe. And thus it happens to the flaccid 
bladder upon the air-pump : to fubtradt the reiiftance from 
its outer furface, is the &me as to add a greater ioxoc of txr^ 
pandiag fire to its inner. 

A fecondi 
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A fecond obje<£libn, which hath a plaufible appearance at 
firft fight, is drawn from this obfervation, that the air in a 
flaccid bladder, carried up to the top of a mountain, will 
be expanded ; when, if fire be the caufe of its elaflicity, it 
ought to be contracted ; the air being much colder there, 
than in the valley below. This is nothing more than the 
former experiment under a new fhape, and with the addi- 
tion of a frefh circumflance. When we afcend a moun- 
tain, the barometer finks: that will caufe the bladder to 
fwell. At the fame time the cold increafes : that will caufe 
it to fhrink. It is to be enquired then, what proportion theie 
oppofite efFeds bear to one another. The refult will be ei- 
ther two equal quantities, or two different ones. If the 
quantities were equal, the bladder ought flill to preferve its 
dimenfions : if they fhould prove to be unequal, the lefler 
mufl be fubtradted from the greater, and the efFed will be 
equal to the remainder. 

: In order to adjufl this matter fi-om experiment, I find 
my felf under a neceffity of informing the reader, that I onoe 
made an ex^rfion inta the {%ak of Derbyjbire, with the 
hope of improving my health, and adding fomething to my 
little flock iof botanical knowlege. I took this opportunity 
to examinb the height of fome of the mountains in the peak 
with a portable barometer, which I had made for this, pur*? 
pofe, after the pattern of that defcribed by Scheuchzer in his 
itinera alpina^ with fome little improvement. To this in-r 
fbrument I added a mercurial thermometer, graduated ac<^ 
cording to the fcale of Fahrenheit. Upon one of the highefl- 
of thefc mountains, the barometer flood very nearly an inch 
lower than at the furface.of the river which runs at the foot 
of it. This was in the beginning o£ ^une 176O) and the 
air was then unfeafonably cold, the thermometer flanding, 
i.i. ■ '■ at 
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at noon-day, below the point bf temperate. I muft confefs, 
the objedion now before us was not then in my thoughts ; 
otherwife I fhould have been more exa£b in my remarks : 
but to the beft of my remembrance, the difference I obf 
ferved in the thermometer, when I had aicended the top of 
this hill, amounted only to 2 degrees. 

Since that time, I had occafion to prepare an inftni- 
ment, which performs the offices both of a thermometer 
and barometer, and renders all the momentary changes of 
the atmolphere evident to fenle ; for when it is expofed to 
the fhaded air, it is never at reft, but (hews us fuch a per- 
petual agitation of the elements, as might fuggeft many 
ufeful and pleaiant reflexions ; but they are all wide of my 
purpofe upon this occafion. It is fufficient to obierve, that 
when the b^ometer finks one inch, the'fpirits in this in- 
ftrument rife 1 5 inches perpendicularly in the tube : when 
the thermometer finks 2 degrees, the fpirits fink 2 \ inches. 
The motion of thefe fpirits being occafioned only by the 
fwelling and contracting of fbme inclofed air, we thus find, 
without much trouble, what difference there is between the 
two contrary efFeds aboyementioned. The expanfion oJF air, 
included in a bladder, and conveyed from the bottom of 
that mountain to the top, fhould have been nearly as 1 5, 
on account of the finking of the barometer, and the leflen- 
ing of the incumbent prefTure ; while its contraBion^ on 
account of the increafing cold, would have been only as 
2\\ which being deduced from 1 5, leaves 1 2 1 to exprefs 
the real expanfion of the air, inftead of 1 5, which we may 
-call its potential expanfion. This difference is fb fmall, and 
takes fo little from the cfleA, that it would -never be thought 
of in fo ^ofs an experiment as that of the bladder : and the 
higher the mountain is fuppo&d to be, the lefs would any 

Y fuch 
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fuch interruption be taken notice of. A barometer would 
fall about 4 inches below its mean ftation, at the top of a 
mountain, 1320 yards, or | of a mile above the level of the 
ipa ; at which height, the cold is ufually fo . great, that the 
fnow lies continually. Let us fuppofe, that a thermometer, 
conveyed in the fummer-feafon from the foot of fuch a moun- 
tain to the top of it, would fall from 60 degrees to 32, the 
point of freezing. The expanfion of fome air, inclofed in 
a bladder, fliould be as 60 : but its contradion hy the 
cold will be as 3 1 7 ; therefore its real expanfion would be 
as 28^; and a flaccid bladder, inftead of {hnhking into a 
lefler compafs with fo great a degree of cold, will ftill be 
expanded more than twice as much as in the forgoing expe- 
riment. 

These confiderations have made me eafy in r^afd to 
the immediate caufe of the air's elafticity. I heartily wifli 
they may have the like influence upon others, and get 
the better <^ all their {cruples. If fire, that univerial and 
adive element, can occafion fuch a property in the air, by 
a mechanical and impulfive motion, the thing is intelligible; 
By this means, we become po{]^fled of one important truth 
in natural philoibpfay, and fuch as may in time dired us to 
many others. Could it once be fhewn, that air, totally 
emptied of its fire, has any of this elaftic property in it% 
it would then be time enough to call in die affiflance of 
repulfion, which is but the fame thing with giving up the 
point as unintelligible. But unle& elaftic air can be exhi- 
bited under fuch circumftances (which cannot be, unlefs the 
thermometer be firfl miade to fink 290 of Fabrenbat\ de- 

■ * Non tantum aer in ignem tianfit, fed nuofium fau 'ignt fft. Detrahe Ult caloreoi» 
rigefcet, ftabit, durabitur. Struc. Nat. Qjisft. Lib. 3. 

grees 
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grees below the freezing point) there is no more occafion 
for this quality than for that of cohefion. 

To thofe who examine this matter impartially, thefe 
powers will appear incredible in their very nature. The. ef- 
feds which are explained by attra<Slion and repulfe, do i^ 
often vary, that we are obliged to fuppofe the fame particles 
of matter endued with both : with one virtue of drawing 
and alluring bodies ; and another of terrifying and driving 
them away at the fame time. But how, in the nature of 
things, can two principles, deftrudlive of each other, re£de 
in the feme fubje^t ? repulfion is as oppofite to attra^on, in 
my way of conceiving it, as darkness to light, «: cold to 
heat ; and it is equally impoflible, that the &me pardde 
(hould both attrai^ and repel; as that it ihould be bodi 
black and white, liot and cold, at the fame time. To re-^ 
concile tBs, ibme have invented Several concentric (pheres, 
or iwoolucra of contrary powers, furroundii^ the lame atom 
of matter ; fo that when other matter approaches the atom^ 
thus invefted, as it were, with the coats of an immaterial 
onion ; it meets firft with a nepeUing fpfecre 5 feeing forced 
ibmewhat nearer, it fells in with an attracting (phere ; and 
coming yet nearer, it meets with a repelling sphere, to keep 
it from immediate contaA. What a complication of caules 
is here I and all to make one poor atom vibr&te through leis 
than the loooth part of an inch ! This can neyer be agree- 
able to that fimplicity of nature, fo much boafted of by ^ 
philofophers j and if our own feifes are to have any weight, 
the experience of every day might lead us 1» Something 
more true, ufeful, and intelligible. 
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The application of cohefion, as an unmechanical principle^ 
ferves only to keep us in ignorance. This is proved from a 
plain example. 

TO bring the argumentative part of this book to a con- 
cludon, I fhall take the fubjedb of vegetation^ and 
compare it with the favourite principle, which hath been 
applied of late years for the explanation of it by our lyfte^ 
matical writers ; in order to (hew, by one example out of 
many, that thefe powers, which have imhappily been fubfti* 
tuted in the place of the true agents, do not only not ex» 
plain any efFeds, but tempt us to conceive falfely of nature, 
and to affirm what is contrary to experience. My only rea-^ 
(on for driving the argument thus far, is to encourage thofe, 
who pretend to be guided by experiment^ to endeavour at 
fome farther progrefs, and not for ever ajfert their right to 
ftopy when they might go ^ther on with pleafure and 
Mety. 

When a glals tube of a very fmall bore, is dipped into 
water, or any other fluid except mercury, the fluid will be 
rai(ed to a certain height within the tube above the furfece 
of the liquor in the veflel ; and its elevation, in ieveral tubes 
of diflerent flzes, will be reciprocally as die diameters of 
their bores. 

■ 

The ingenious Mr. Rowning will have it — " it is drawn 
**up fy a tendency it has by the principle of attraSliony till 
'* the fur^ce is loaded with as great a weight as that ten- 
dency 
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** dency can fupport *." Not to take advantage here of the 
author*s terms (which to be fure are unintelligible) let us 
for a while agree with him ; and fuppofc the inner furface 
of the tube to attra&> the water. " Hence ( fays he ) a 
«* RIGHT NOTION of the afcent of fap in vegetables, f* 

I. Now if the fap alcends in a vegetable, on the fame 
principle that water rifes in a capillary tube, of which he 
leems to have no doubt; let us take a capillary tube, in 
which, for example, water will be raifed to the height of 
two inches. In the tubes of a plant, therefore, whole bores 
are of the fame diameter, the (ap (hould be raifed to the 
fame height, but no higher %. On the contrary, I have ob- 
ierved an heavy and vifcous juice to ifTue. plentifully at the 
height of two feet ; and that out of veffels, confiderably 
larger than the orifice of a capillary tube, within which pure 
water would not rile to the height of two inches. It is hardly 
worth while to relate the hiftory of fo eafy an experiment : 
however, the plant I made this trial upon, was a very large 
fpecimen of the tithymalus helififcopiusy or common fun" 
fpurgey the trunk of which is without a joint, and was cut 
traniverfely near the top of it ; after which, a fedtion of its 
veffels was compared in a microfcope with a (e6Uon of the 
glafs tube, 

II. I T is alio to be regarded, that the iame quantity of 
liquor will be fujpended in a capillary tube when its lower 
orifice is lifted out of the water, as was raifed into it while 
immerfed under the furface. r Did the fap afcend into ''a 
vegetable on the fame principle, it ought to refi there, and 

• Pref. p. 17. 18. t Ibid. . 

X Dr. Grew has the fame remark — " although we fee, diat fmall glafs-fipes immerfed 
** In water, will give it an afcent for fome inches j yet there is a certain period, according 
<•* to the btre of the pipe^ beyond which it will not rife." Jnat. of plants, p. 126. 

be 
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be fuflain^ by the attradive power of the veflbls, when the 
orifices of them are expofed to the open air. The contrary 
to which appears from experiment : for if a branch of the 
birch be taken off, or a young tree -be cut quite away, and 
and held in the fame perpendicular pofture in which it 
grew 5 the veflels will bleed copioufly from the bottom, as 
when a limb is cut off from an animal ; and the 'like will 
happen in many other, plants. Again ; water will never run 
out at the upper orifice of a capillary tube, be it ever fo 
(hort. But the flump of a vine, as Dr. Hales hath fhewn 
us *y will fend up its fap into a tube cemented upon it, to 
the height dF 20 feet and upwards. Theie things being con- 
iidened, it follows to a demcmftration, that the juices are nol 
attraded by a pk!nt> but forcibly compelled into its vd^ 
iels. 

III. Ik a capillary tube, it makes no difference, whether 
there is air on the fiirface of the water into which it is im^ 
merfed, or whether the air be exhaufkd; the experiment 
fucceeding equally in vacuo. And the fame ought to fucceed 
in a vegetable ; to which, on the contrary, air is found to 
be fo neceflary, that no plant casa take up its nourifhment^ 
VkOt will a feed ever germinate (o long as the air is abfent. 

IV. There is no feafbn of the year, in which a glafi 
pipe will raife water to la greater height than at ianotber; 
the effed: being jufl the fame in the depth of winter as in 
^e heat of fummer. But the rays of the fun, or the heat 
of an artificial fire (which is equivalent) is fb aUbluteiy re- 
quisite to the growth of herbs, that in their feafbn for t».* 
king in the fap, in their ftature, and in their qualities, they 
are wholly influenced by the fun's heat all over the world. 

♦ See Vcg. Stat. Exp. xxxix. 

The 
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The plants which are loweft in their ilature ipring up flrft ; 
as the little aconitum hyemale or 'winter wolfs-baney which is 
the carliefl of all ; arum^ chelidonium minui^ violetSy and a 
tribe of the like fort, which feldom attain to many inches at 
their utmoft growth, and appear very early in the fpring. 
Thefe are fucceeded by others of a larger fize, till at laft 
the under-fhrubs and trees put forth in their order ; and 
when the fun is at his greatefl exaction in fummer, the 
whole vegetable creation is in its greatefl glory and beauty. 
Then as the fun declines, this vegetative motion languifhes ; 
and the order they obferved in putting forth their leaves, 
flowers, and fruit, is now inverted in their decay. The tall- 
eft trees are generally the firft that drop thdr leaves, and the 
lower follow at a proper diilance, till by degrees the fmalleft 
(hrubs, except the ever-greens, are all ftript of their cover- 
ing, and fb .continue, till the fun at his return puts new life 
and moifture into their veins. But what is ail! this to the 
afcent of water in a capiillary tube ? to apply that experiment 
to the appearances in vegetation, is to introduce a pincipk 
to give us a right notion of every thing, which actually agrees 
with nothing in the whole fubjed;. 

There had beeh a fairer appearance of fbme foundation 
to build upon, had the afcent of the fpirits in the tube of a 
thermometer * been afTumed as a proper fa<St to begin with : 

* " If in the morning (faith Dr. Hales) while the fap was in a rifing ftatc, there wa^ 
**a cold wind, with a mixture of funfhine and cloud; when the fun was clouded, the 
^ £ip would inunediately vilibly fubfide, at the rate of an inch rn a minute for feveral 
^^ inches, if the fun continued fo long clouded : but as foon as the fun-beams broke oi^t 
**■ again, the fap would immediately return to its then rifing ftate, jujl as any liquor in a 
*^ thermomet0r rijts and f alb with the akernacies of heat and cold: whence *tis probable^ 
^^ that the plentiful rife of the fap in the vine in the bleeding feafon is ejfe^ed in the fame 
^mamifr.'* Feg. Stat.Exp, 29- 

and 
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and yet this, by itfelf, will fall very far fhort of the purpofe, 
though it may bring us fbmewhat nearer to the truth. For 
let a tube of this kind be Hxed againft a wall with a north- 
ern afpe<fl ; the fluid contained in it will coiiflandy perform 
like flages with the fap m vegetables. Should it fland un- 
commonly high for the feafon, vegetation will be unnatu- 
rally forward ; of which this lafl winter * hath afforded us 
fuch an exanaple, as ^ever occurred within the memory of 
man : violets, and fbme other plants, were obferved to be 
in flower before the expiration of old December, When the , 
thermometer is very low for the feafbn, vegetation will be at 
a fland. But generally fpeaking, as the fpring advances, it 
will be higher every month till the greateft heat of fummer ; 
after which, when the trees begin to drop their leaves, the 
thermometer will fubfide gradually, till it gets to the fi-eez- 
ing point ; at and about which, the motion of the fap in 
vegetables is at its lowefl ebb. 

Thus far we fhould have been right with refpe<5t to the 
agency ; though as to the particular circumflances of it, we 
fhould fail without fbme farther dire<^ions. But if we leave 
out the fuity and the celeflial element Sy as things fupernume- 
rary to the natural world ; and fet up to explain all the 
wonders of vegetation, with no better furniture than the ima- 
ginary attraction of a glafs pipe ; we fhall generate infuper- 
able difficulties of a new kind, and remove none of the old 
ones that naturally belong to this branch of philofophy. Thus 
it will always happen, when we connect together things fo- 
reign to one another ; and account for an hundred exp^i-r 
ments, by one that hath not been accounted for ; which \% 
unfortunately the cafe with the capillary tube. Thw Gilbert^ 

• 1760. 

Kepler, 
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Kepler, and others, accounted for all the great phcenomena 
of the world, from thofe of the loadJione\ and for thofe of 
the loadftone, a forma tantum aSiu immateriali, feu {ncor- 
poreo proceJIfu*, This magnetical philofophy was once in 
great requeft, but is now wholly difregarded and forgot- 
ten. 

I might have taken occafion, in this place, to -examine 
the affair of magnetifm, and to prove, that the efFe<St of the 
loadftone is, i. not owing to any attradive virtue in the 
fubflance, but 2. to the impulie of an aether: and 3. that 
this sether is no other than elementary fire. But enough hath 
already been faid, to eftablifh the conclufion I had in view. 
It was not my intention, in this treatife, to compofe any 
thing that ihould look like a fyflem of philofophy ; but 
barely to fettle fbme important prelimmariesy which may 
jerve as an introdudion to the fludy of nature, and tempt 
ingenious men to make, fbme farther enquiry upon mechani- 
cal principles. I doubt not, but that thofe who are conver- 
sant in phyfical refearches, will be able to confirm what I 
have faid, with many particular articles from their own ob- 
fervation. 

* GUb. dt Magntte. 
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CHAP. VII. 

*The conclufton from all the foregoing arguments and expe- 
riments, 

IT may be of ufe now, to colled into one view the evi- 
dence that hath been ofFered; and to ooniider at the 
iaoie time, what, and how much, we have a right to con- 
.clude from it. 

I N the proiecution of this work upon the mecbanifm of 
nature^ I have endeavoured to difprove all that hath beea 
advanced on the other {Ide of the queftion ; and to eftablifli 
the affirmative, by an indudion of ici many poiitive proofs 
from nature and experiment, as may ferve to put it out of 
all dispute. 

I. First then, it is clear enough, that the operations of 
nature may be mechanical ; notwithilanding all the objec<^ 
tions, arguments, and demonftrations, which have been in- 
vented to fiipport a contrary opinion. Some of thefe objec- 
tions are no better thaii naked and undipported aflertions ; 
which prove nothing, but that the authors of them were 
perfuaded of what they aflerted. Other objedions are drawn 
from the difficulty ^ which the learned have foimd, in aflign- 
ing a mechanical caufe for fbme particular effeds ; and thefe 
difHci'Mes have been improved into abfblute impoiUbilities : 
as if it were impofTible for God to contrive, what it is not 
eafy for man to comprehend. Cohefien hath been a great 
difficulty : gravity another difficulty : and if there were five 
hundred more, would it not be wrong to draw any pofitive 

conclu- 
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conclufion, from what, by our own confeffion, we do not 
underftand ? The induftiy and experience of future times, 
taking all due advantage of fome modern difcoveries, may 
make fbme things clear and ealy, which at prefent are ac- 
counted unfathomable. And man, after all his labour in 
this life, mufl exped to find many difficulties, and have the 
mortificaticMi to be ignorant of many things. But how pre- 
pofterous would it be, to begin a fyftem with thofe articles, 
concerning which we have no certain knowl^e I It would 
be like the pra<ftice of an archite^:, who fhould undertake 
to build a church, and begin with the weather-cock. 

A s to arguments y the moft important of all others, and 
that which moft nearly affei^s the notion of an univerfal 
mechanifm, is the proof of a vacuum : not only as the po^ 
iition itfelf doth neceflarily exclude all fecondary caufes ; but 
as it pretends alfo to be founded on fadts. The barometer 
finks when it is carried higher up into the atmosphere : but 
the argument, commonly deduced from this experiment, 
proves fo much, that it proves nothing. For at this rate, 
there ought to be a vacuum, where our fenfes, with the help 
rf fome common experiments, aflure us there can be no fuch 
thing. Fire, which bums and flames beyond the height to 
which the twilight is extended, will neither burn nor flame 
in a vacuum. Sound alfo is tranfmitted from thence, if ac- 
counts attefted in the beft manner deferve any credit, per- 
haps naore audibly than it would be at an equal diftance up- 
on the carth*s ftffface. Thefe obfervations will not confift 
with a vacuum : they will only lead us t.o fufped, that the 
element of air is but imperfeftly. underftood. 

Ip we go higher up into the heavens, there again we meet 
with the pbeenomma of comets ; of the philofophy of which" 
bodies, but little more appears to be known, than that they 

Z 2 , difprovc 
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difprove the notion of a celedial vacuum ; for they burn, 
and flame, and f^nd out vapours, juft as they would do, if 
the air were prefent to them. Sir Ifaac Newton hath been 
beforehand with us in ftating this argument ; though in op- 
polition to his own opinion, upon fome other occaiions. 

From the rejiftance of different mediums, a demonfiration 
is fuppofed to have arifen for the proof of a vacuum, as ab- 
folutely neceflary to an undecaying motion. A body, it 
hath been aflerted, muft lofe its motion, by communicating 
it to the medium through which it pafles : and this fuppo- 
fition is well known to be the foundation of that famous fu- 
perfl:ru<flure, which hath done fo much honour to the geo- 
metrical talent of Sir Ifaac Newton, It is upon this account 
only, that he will have the celeflial {paces to be void of all 
Jenfible matter ; and thence he takes occafion to ititrodtice 
attraEiion and projeSiion as die only poflible caufes of the 
planetary motions. Whereas in fad, a body may preferve 
an equal pace through any medium, and its reflftance fhall 
be no argument to the contrary, if that medium is appoint- 
ed to ad as the immediate caufe of the -motion. Nor is 
this a bare {peculation, depending on fuch principles as muil 
be committed to the courtely ,of the reader j for the thing 
is reducible to pradice. 

A I R is a refitting medium j yet inflead of retarding the 
motion of the lamp-machine by its refijiance^ it preferves that 
motion by its impulfe. And if the motion is difcontinued 
at laft, this is not owing to any defed or irregularity in the 
caufe^ but to the imperfedion of the materials. If the ma- 
terials, which are aded upon, yi^ould but continue in the 
fame ftate, the motion would be unretarded, fo long as air 
and Are, which are the caufes of it, fubiift in the world. 

In 
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I N this experiment, the caufes are not artificial and vior' 
lenty as when a circular motion is given to a ftone whirled 
about in a fling, or to bullets carried about in a box by the 
revolutions of a centrifugal-table. &c. but fuch as are fup- 
plied by nature itfelf, in its regular method of adting ; which 
both begins^ and continues the motion. What is done by 
nature in one cafe, may certainly be done in others. The 
planets themfelves may be carried round in their orbits by 
the fame means. The heavens may be filled throughout 
with an stherial fluid ; not infinitely rarefied, unrefifting, 
and impotent ; but denfe, and continuous in its parts : fen: 
if fuch a fluid is contrived, by the great author of nature, 
to govern and regulate the planetary motions ; never let us 
fear, that it will obfb:u<^ and retard the motion which it gives. 
From all this, we have fufficient reafon to conclude, that 
the operations of nature may be mechanical. 

2. Nor is it lefs evident that they really are fb. In 
all thofe experiments, where there can be no reafbnable 
doubt about the explanation, matter is found to ad upon 
other matter, for the producing of the effedl ; and we are 
able to trace this in fuch a variety of inilances, that unlefs* 
the world is governed by oppofite and contradictory prin- 
ciples, the fame rule muft obtain throughout the whole. 
The body of man, which is the highefl piece of machinery 
in nature, is made to feey and hear^ and fpeak^ upon me- 
chanical principles ; and it dies without the conflant impref^ 
fion of a material force upon it from the element of air. 
By the prefTure of this air, the mercury is made to rife in 
the tube of a barometer : hail, fnow, and vapours, are form- 
ed in the atmofpherical regions, by the different tempera- 
tures of it : the clouds are fuflained by it, and driven about 
to water the ^arth : plants grow and are nourifhed by it : 

without 
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without it, there could be neither {bund, voice, nor Ian- 
gu^e : all fires would be eztindt : all animals, whether 
fowls, beails, or fifhes, would perifh ; and the whole world 
would languifh and decay. 

For thoTe efFedh, where the caufe is not fo obvious, a 
more fubtil atbtr is provided ; the reaUtj of which hath 
been proved, and many of its operations pointed out by ex^ 
periment. It is capable of being transfufed, as an element^ 
fiom one parcel of matter to another. On fome occ&CiooSf 
ft will add a remarkable increafe to the weight of bodies. 
It will enter the pores, and fill the interflitial vacuities c£ 
all other fubftaiKes; and it ads with a force, and a veloci- 
ty, adequate to all the ef^edts we can defire to afcribe to it. 
It gives an eki^ic f<n'ce to air, and occufues every {pace fr(»n 
which the air is exhaufled. In electricity, it ihews itfelf to 
be ligbiy and will occafxonally burn and confume bodies as 
fire. It is therefore both light and fire : light, as it illumi- 
nates, and renders objeds vKible ; fire, as it iHims and con- 
£amts what it ads upon. In the fire of lightning, it ap^ 
pears by plain inference, to coniifl of the fame matter with 
the rays of the fun ; a confideration, which, in common 
with many others, renders it univer^ to the whde fyflem 
of the creation. 

3. These are the inflruments, which God hath mani- 
feftly ordained, as fecondary and fubfervient to his own 
power, in the oeconomy of the material world : and they are 
fo univerfaily extended, and incorporated with other things, 
as to be ferviceable in tiie motion of all its particular parts. 
Some or other, and in many cafes each c^ thefc, are pre- 
fent to all thole cSc6!t& which have fallen under the obferva- 
tion of phOoibphers ; and there are no other cauies to be 
found ; unlefft we afcribe unintelligible and innate powers to 

inert 
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inert matter, thereby making the effedl to be the caufe of 
itielf ; Of can fuppofe, againft the di<5l:ates of reafen and 
cx>mmon fenfe, that God, who hath created thefe means, 
hath made it a rule to ad without them. Of the(e, both 
art and nature receive the benefit in common. What (Irange 
things are brought to pafs by every ordinary blackfmith, 
only by the af^cation of £re and air from his forge and his 
bellows ? If he turns thefe out of his (hop, the fbength of 
his hands will do him but little fervice : and the refl muft 
be left to attraidlions and repulfions : but iron and brais do 
not underfland the force of fuch philofophy. What would 
the chemifl do, without his furnaces and his refrigeratories ? 
Hence proceed all his feparations, fublimations, condenfations, 
£xatic»is, digeftions, chryftallizations, and fuch like. With 
the help of the& natural caules, very few things are too hard 
for him; but without them, his whole art would be at a 
ftand. The chemifl fees this and confefles it: he cannot 
but obferve the ufes of fire and air within the fphere of his 
laboratory ; and is thencs natinally led to acknowlege their 
ufes in the greater operations of nature. Hence it comes to 
pafs, that there are very few chemical writings extant, which 
will not aflbrd fome light to a natural philofopher ; but a- 
bove all others, the wiitings of Dr. Boerhaave ought to be 
Talued upcm this account. 

What fruit then can be expe<6kd from the labours of any 
difquifitory where he negiedls thefe elements, and would ba- 
nifh them, to make way for fuch caufes only as can operate 
in a vacuum ? he mufl qH courfe deface the chief beauty of 
nature ; which is no where fb confpicuous,. as in the depen~ 
dence that is cflablilhed between effe^ and their caufes; 
and muft empty the world of its matter and mechanifm,. 
4^)r to £11 k.witli diffirulries and myfleries. If he defHbys 

the 
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the connexion between the parts of matter, he muft prefent 
us with fuch a pidure of nature, as can refemble nothing 
but the bones of a ikeleton, which cannot ftir one ftep up- 
on natural principles : whereas the work of God is worthy 
c^ its author, and the frame of nature is a perfect and well- 
conneded body, furniihed with all its proper mulcles and 
ligaments. The bones are united, moved, and lifted by the 
mufcles : if an anatomift, in deicribing the wonders of the. 
human frame, fhould leave out thele, he muft fuppofe the 
bones to move themfelves j after which, he might go on to 
argue againfl the mufcles, as things ufelefs and unneceilary, 
mere obftacles to the free and eafy motion of the bones with- 
in their fockets \ and then he would philofbphize juft as 
they do, who forget that fluid matter of the heavens, by 
which all other things are moved and conneded together,, 
and place occult powers in the fblid matter of the celeftiat 
orbs. 

To avoid falling into any errors of this kind, I have ta- 
ken care to feign no arbitrary and abftradted idea of nature ; 
but have examined it wholly as a matter of fed, and have 
hitherto argued from obfervation only ; in order to make 
fuch a fketch of its out-lines, as fhall be like the Original. 
And a ftrong likenefs hath often been hit by a very indiffe- 
rent painter ; while (bme finifhed pieces, which have fhewn 
a mafterly hand, might as well have pafled for the figures 
of fome flditious characters in a romance, as for the perfbns 
who fat for them. With regard to my own reputation as a 
writer, I am perfectly eafy : for it was neither my defign, 
nor my defire, to exhibit a pattern of eloquence ; but to 
add fbme little matter to the conmion ftock of ufeful know- 
lege. It is in this light only, that I could wi(h to have my 
labours accepted. As to the author himielf, the learned, I 

hope, 
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hope, will find no reaibn to look upon him as one who 
would dictate to thofe, who are better able to inftrud: him ; 
or to impofe a belief of any thing, which is not fupported 
by plain argument, and undeniable evidence. If dxy do 
him juftice, they will regard him only as a fellow-enquirer 
after that truth, which they alfo are defirous to find ; and 
will attend to him, as to one, who takes great deUght in 
the works of God, and but little in any work of his own. 



END OF THE Third Book. 
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BOOK IV. 

The judgment of antiquity on the Jyftem of nature: 
together with the fentiments of fome modern au- 
thors of the beft repute. 



C H A P. I. 

Some general obfervations on the learning of the ancients. ' 

\ ' . • . . 

TO what hath already been deduced* from obfervatidn 
and experiment, let us now try, if we can add die 
fandiion of fome clear and indifputable teftimonics 
from antiquity. This enquiry will be ufefiil and plealant in 
itfelf, and thie refult of it, I hope, will be fatisfeftory'; as it 
may ferve to repel any charge of novelty y which, if it were 
well-grounded, might be urged with fome fuccefs againft 
the do6trine of the meehanifm of the world, and the in- 
fluence of material catifes. For, as I have pretended, that 
thefc things are equally plain and import ant y there could be 
no better objedion againft them as fuch, than that mankind 
fhould have been left to this day in ignorance of them. 

A a 2 For 
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For my own part, 1 hare always been periiiaded, tbat 
in our judgment of phTiks, a proper re^id ocg^ to be 
p lid to the concurrent teftimooies of aprirct writers ; who 
liad, in many refpects, the iamc o{^>ortunities that we have, 
and made it their practice to derive their knowlege of thin^ 
from cridcooe and ofafervatiaii. Hair far ^hey were able to 
cany their obfeivarioos, it would be difficult to (hew with 
any tolerable preciiion ; farther, I thiid^ than th^ are al- 
k>wed to have done by the sencFd Aresn of modem wri- 
ters ; fame of whcm are weak enou^ to believe^ that wif- 
d(Mn is a child newly born, though the world is now in its 




Thus much, however, is certain and indifputable, that 
diere are innumerable a|^>eaiances and c^)erations in nature, 
which are (ubjeded to the eyes and fenfes of men, though 
unafCfled with (bmc inventions of ait, which are ufually^ 
reckoned peculiar to the latter ages : asid as nature is GoaHf- 
tcnt with itfelf, firom thcfe fuch a jut^ment m^t he form- 
ed concerning the whaJe, as fhookl be £]b]e& to po mar 
terial errocs, dioi^h it mi^t £di (hat of a mathematical 



Tb£ ikfll of the andcnts in mfrhanical aits is general^ 
confefled to have been very great ; and there are £ime ludi 
numomcnts of it ftill remaining both g^eat and finally as 
their ixa at this day would find it hard to eirccd, or even 
to inutate. And it is well known, that in duee branches 
of iicieDce, very nearly allied to natural {^dbphy, their at- 
tainments are the fcHindation of modem leaming. Their 
geometry and matbematks ought to be remembered firft up- 
on this occaficMi \ the principles of whkh are derived from 
the writings di. ArcbhnedeSy EttcUd, jlfMmus^ and fbme 
other authors. AimI many of the moft valuable parts of 

mathe- 
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mathematical learning leem to have been more ancient than 
the namett of the writers to whom they are afcribed. The 
Greeks were always notorious for pretending to invent, what, 
it is evident, they were at the pains to glean up, among 
natipns more andept and wiler than themfelves. The fbory 
of Pythagoras iacrificing -an Hecatamby when he had found 
out the 47 th proportion of the Jirji book of Euclid^ looks 
very fufpidous, and hangs fo badly together, that the whole 
feems rather to have been a ££lion. For how could that 
philofbpher facrifice an hundred oxen, who made it a point 
of coni^ence never to facrifice any living creature ? It is 
more probable, that his geometry was imported, together 
with his afironomyy from the Egyptians ^, among whom he 
h^d travelled in feaich of wiidom and learning. 

B V T it is a matter of no concern to the prelent argu-r 
ment, who were the inventt»'s^ thus much being certain, 
that the ancients : were a<^ual]y in poflefSon of all the moi^ 
confiderable and ufeful. parts of the mathematical icience&. 
It. hath been fufpet^ed, from^^ne idle expreflions among 
the poets, that the ancients judged the earth to be 2^ flat 
furfacBy and that the fun every evening went hiHing into 
the weftern ocean* Whereas it is known to thofe who en- 
quire ferther,. that tli^ir mathematicians always held the earth 
to be 2.fphere as we do now ; and fome of them, from the 
earlieft times of wHch we have any account, endeavoured 

•V h r)i9 tk( -JTRv (m9 tvp >^v;^f /i*iSmX«»» /K^d-Mv ^nt^' Aty^ntn Pythagoras ifOTHt from tht 

Egyptians bis incfwUgi rf hiercffypbics or fimhoh^ his geometrical theorems, Ins metrics 

and powers of numbers^ and auo his doSirtne of the tranfmigration of fouls This is part 

of a &mous paflage in the firfib book of Dinkrus Sieulus^ wherein that hiftoria'n conffiies, 
that the Gruks borrowed both their philofophy and myfteries from the Egyptians, It is 
quoted by EufebiuSy Prxp. Evang. 1. 10. and is printed at the end of the works of CUfncns 

•^^^^^^ •^^W^^» Ww9t9^ 9 
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to find but the meafure of a degree upon its furface*, by 
the meridian-altitudes of flars near the zenith ; a problem, 
in the folving of which, the French aftrononiers laboured To 
much fbme years ago. 

Then again, as to their knowlcge of phyjick ; how ve- 
nerable are the names of Hippocrates^ Aret/eus^ Celfus and 
Galen f and, what is worthy of obfervation, the author, 
who is the mod ancient ofi thefe, is defervedly the bed re- 
puted. Where the moderns take advantage of thefe writings, 
and form their judgment after the model of antiquity, it is 
always found to anfwer : and a phyfician of good abilities, 
who takes this courfe, is fure to do honour to mat profeflion, 
^hich of all others is one of the mbft horioitrable. 

The modem anatomy is chiefly diAingui(bcd from the 
ancient, by a knowlege of the circulation of the blood : and 
yet there are paflages in (bnle ancient writers, which feem ib 
nearly to dcfcribe it, though indeed with no great accuracy 
of expreflion, that I coiifefs I am not anatoitiift enough to 
fee fully where the difference lies. They appear to have 
known, that the blood is thrown into the heart by the vena 
cavay and is diflribiited again, from the feme founts, ; to 
all the different parts of the body f. Whether they did 
actually infer, that it returned again to the heart thr<)u^ 

• . ■ » 

* This hath very lately been taken notice of, in Mr. Sionis fupplement to his new 
edition of Bion^s book on the conjirudiion and ufes of mathematical tnjfruments^ P* 3^^ • ^ 
treatife that ought to be in the hands of all lovers of mechanicsil and mathem^ical 
arts. ' 

t Lapfus cibus — in earn venam, quae cava appellatur, confiinditur, perque earn ad 
cor confectus jam coftufque perlabitur : a corde autem in totum corpus dijirihuitur. Cic. di 
Nat, Deor. lib. 2. cap. 55. 

In corde — quatuor orificia, bina in utroquc vcntriculo : alterum quidcm inducit^ air 
terum vcro educit — per alteram fanguis trahitUTj per alterum emittitur. GaUn. dc ufu. 
part. L/. 6. 

It is obfervable that Plato in his Tlmaus^ as quoted by Longinus^ ftyles the heart, .ini>«» 
nr r]£rj<t»EPOM£Hor r^B^ptti eu^tcii',- Long. p. 170. edit. Pearce. 

foiiie 



I . 



ON. THE .SYSTEM OF NATURE. 191 

Ibme capillary inoiculations of the veins and arteries "^^ may 
indeed be queftioned ; and I would leave this to be deter- 
mined by the phyficians, whofe reading is hiore extenfive, 
and whofe proper province it is to judge of fuch things. 

But when I /peak of the wildom of the ancients, it is 
chiefly with a view tp their knowlege of Aftronomy : for al- 
though it may be doubted, to what original we ought to re- 
fer the whole merit of the invention, it is clear enough, that 
the true Jblar fyftem^ revived by CopernicuSy and confirmed 
afterwards by the telefcopes of Galili^Oy was well known to 
the aftronomers of antiquity, who obtained it from Egypt 

and Phcenicia. 

-" • 

I cannot help obferving upon this occafion, what a mif^ 
chievous. thi{ig authority is, when it hath once gained a foot* 
ing among thofe who iearch after the knowlege jof nature* 
The name of Arijiatle^ and the example of king Ptolemy ^ 
gave a currency to a moft unnatural and abfurd (yftem, and 
kept the world for many hundred years in a ftate of dark- 
ne^, from which it was recovered at laft, not without great 
difficulty and violent oppofition. There was a pleafant in- 
ftance of a philofopher at Florence^ whofe prejudices had ta- 
ken io deep root, that he could never be perfuaded to look 
through one of Galilisos telefcopes, left he fhoiild fee fbme- 
thing in the heavens, that might difturb him in his belief of 
Ariftotle^ philofbphy. 

* That the blood hath fuch a circulation as this, efpecially in the lungs^ feems to be 
afllirllied by GaUn in th^ following words, which I would deiire the learned reader to con- 
iider : they are quoted by Harvey, Exercit. anat.'I. cap. 'j. In tot^ eft mutua emajionujis 
( inofibulatio ) atqui ofculorum apertU arteriis fimul cum vnm ; tranfumuntque ^xjefe pariter 
Janguinem tiT J^irttum^ per invifibiles quafdam atqui anguftas plane vias. &c. That GaUn 
knew the arteries to be filled with tbod a3 well as the veins, is clear from his own experi- 
ments. ^^ Hippocrates ( (ays Dr. Boerhaave) has had the honour given him of knowing 
*^ the circulation, firft by Riolan^ and then by Drelincourt and others ; but it is ceruin, 
** that if he underftood the blood's motion, he has exprefTed himfelf fo unintelligibly 
^* about it, that his acuteft interpreter, (70/fif, did not thence fo much as fufpe<El that the 
" blood had a circulating courfe.** &c. See Dr. Boerb. Academical Le^fures — Vol. 2« 

p. 38. 
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This fame Ariftotle inarms us, that an aftrbnomiod 
fyftcm, contrary to his own, was maintained by thofe of 
the Italic fe(ft, who were called Pythagoreans: {<x thefe, 
fays he, aflert that fire is in the midft of the world, and 
that the earth, moving as one c^ the ftars, performs a circuit 
round this centre, by means of which the changes of day 
and night are brought to pafs. And the &me author adds 
that many others befide the Pythagoreans^ judged it impro- 
per to place the earth in the centre of the world. * 

Archimedes delivers it aS the (pinion and dodrine of 
Arifiarchus Samius^ that "all the &tt Aars and the fiin are 
" without motion : that the earth is carried rotmd the iun 
« in the circumference of a circle, ci which the fun itfelf is 
*< the centre : and that the {phere of the fixt fttrs is (o im- 
^ menfe, that the circle of the earth's annual bib bears no 
** greater proportion to it, than the centre of any fphere 
** bears to its whole furface f .** 

Laertius and Stohauf aferibe the (kme dodtrine to PJln* 
lolaus. By the latter of thefe we are infoFraed) tJiat he 
** placed nre in the middle of the world) at the centre, and 
** called it the focus or hearth of the univerfe. $** From 
this philofopher P/ato is reported to have borrowed much 

p. xt of the EHgJi/b tranflation ~~Tfaus far we aiuft agree wick tbn leatne^ tuthor^ that 
if the ancients had a knowiege of the circulation, their expreffions upon the fubjeft arc at 
leaft defective, if not unintelligible. And it hath happene«l in many inftances) -that the 
truth hath never been fufficiently cleared up and eftablifhed, until it hath been exprefsly 
difputed. Certain it is, that the Gakn^ did abfolutely deny a circalation : in o|iporition 
to whofe fyflem, the truth was either reibred or dHcoverea by the folid reaibntng* and 
experimenti of Harwy, 

* ttmmtn m im^ «i> liftKim)/ if/tXtD/Mmt h IIii^ja^M ktyfytn. Ban /*** ft *'*' C*'* ^^ '"*'' 

¥m> MMi t-nfin •«mA{<«i fm hit m ytt vit n fun» ifft^ mtnAhfif. jirijf. de Cceh>. L. z> c. 13. 
t Anhim, Arenar. Lib. i. 

bis chapter <iie« *»mtti ««^» ^c. he ob'fervf s of the matbenuticuns» thjtt (bme fol- 
lowed P/atff i while 0t/Hrs ajkitd tht Jkn toht mthi midJU ^ tbt wtrld— ^««>> ftiw Wm- 

of 
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of his knowlege; and according to Plutarchy he repented 
.toward the latter end of his life, that he had not followed 
him in this article alio. 

. Lastly, Seneca mentions it as a queftion worthy of con- 
templation, " whether the univerfe revolves, the earth being 
.^* at reft ; or whether the earth moves, while the univerfe is 
*' fixed. Vox it, hath been maintained by fome^ that we, the 
** inhabitants- of the earth, are carried about by an imper- 
" ceptible motion ; and that the rifing and fetting of the 
," flats, is not occdioned by a motion of the heavens, but 
.** that we oiirfelves rife and fet here upon the earth *.". 

The ancients therefore were acquainted with the difpofi- 
tion of the world .according, to the true folar fyftem : and 
there is little doubt, but that the Ptolemaic hypotbejis was 
iiovel in comparifon of it, a fcheme. jather adapted to the 
prejudices of fenfe, and the corrupt philoibphy of ArijiotW^ 
than eftablifhed in the world for any intrinfic merit of its 
own, or any rajtiohal conforrnity with nature itfelf. How plain 
j^nd natural : does the Copermcan . fyftem appear, now the 
induftry of maa hath /been fufficiently employed upon it: 
and how easily might it have beea retrieved .much earlier,, if 
aftronomers had not givea up their underflandings to what 
they iiqviet wer^;abk to make, any fenfe of. Men are always 
j^aJbus; enough of . their; bodily Jibertiea, and are too often 
ready to. claim a. ijight jof judging and contradi<Eting, . where 
they ought to he. obedient; while they tamely give up the 
liberty. o£- the underftanding to thofe who have no right to 
d^iastj^^My 9^:uiri/i<{tk certainly h^d not. And yet his very 
name did j?0(Q$^c6nvey an idea of 1 all that is great and wife, 

♦ Utrum. m.uti(lus terra 'ftante .ciccuatjeat, an niundo- ftante. terra yartatur. Fitcrunt 
enim qui dicerent, lios efle, qiios rerum natura nefcientes ferat, nee cueli matuifio'i ortus 
& occafus, fed ipfos oriri & occidere &c. Nat. !^tjl. Lib. 7. c. 2. 

B b to 
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to tho& who followed like a rwarm of bees, and would {hew 
an invincible aifedion^ even for a dry tuifruitfiil ftump of a 
tree, if their leader happened to light lupoQ it. It was ow* 
ing Co that idle un-enquiring fpirit, which pofiefiies moft 
men, that the nations conquered by his pupil ^AJexander\ 
were le& numerous, and lefs £ubmi£ive:, than the fubjeSb of 
Arijlotk''^ in the days of whofe dominion, common ienle 
was in a manner buried and overwhelmed by a verbofe wis- 
dom, which employed itfelf only in -diftinguiihing, fubdi- 
viding, and diluting, about its preleot Aock of matter ; 
not in the making of ^h experiments, as might have cor- 
reded what was amiis, and fu{^lied what was wanting ; be- 
caufe the attempt would have derogated from the praifes of 
Arifiotk. 

The memory of Nicolaus Copernicus will always deferv€ 
to be regarded, in that he was the firft, who dared openi]f 
to fet a better fcheme on foot, in oppofition to die furious 
prejudices of the s^e iie lived in : and it is the ^-eateft 
pmife of Des-^artes^ that his k^un, ias a time, gave a 
finilhing ftroke to the tyranny of (cholaftic learning, The 
divine providence itielf feems to have favoured and feconded 
the attempt oi Copernicus^ in raifkig i^ GaliUeey to demon- 
fbate by his telefcopes (bme ardcles not very eaiy of digel^ 
tion, which Copernicus could only a&rt>iipcm principle, 
widiout being able to ccnifirm what he iaid by iudi feniible 
proofs, as the cauie feemed to requve. And Galilao him- 
lelf had piety enough to ascribe this fodden and vi^nderful 
turn of things to that fupreme power *, by whole direction 
all ufefid di&ovoies and improvements of ic^xx are made 

* — Ope peifpicilli a ae eiccogitBti, tSvini frius ittumimmtt grgfii. GalU, SyiUr^ 
Nunc. f. 10. 

to 
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to arife, at thofe times and feafbns, when his wifdom fees 
them to be moft expedient : though perhaps, in ftri<9:nefs of 
truth, it may be more proper to term thefe reftorations of 
fciemey than original difcoveiies. And the farther I enquire, 
the more I am tempted to believe, that even in this fenfe 
-^ N^ eft fub fole novi. 

These things are worth confidering, before we enter up- 
on the fucceeding chapters : for there muft needs be a fair 
profpedt of finding fbme very difcernible footfteps of a true 
phUofophy among thofe writers, from whom the true aftro- 
nomy, after many ages, was fb happily recovered. And in 
fad:, we fhall find them declaring fb exprefsly and almoft 
unanimoufly for the principles I have endeavoured to deduce 
and juftify fiom obfervation, that if I had been allowed to 
invent fiich cxprefilons^ as fhould agree beft with my own 
ientiments, > th^ would have been juft fuch as I am able to 
produce. Some examples of this I have already given in the 
foregoing part of this work, by throwing a few pafiages oc- 
cafionally into the margin. I ought indeed to make fome 
apolo^ ^ar fetting out to viiew fo many Greek and Latin 
quotations, in a treatife written in Englijbi But how is it 
pofilbie for me to avoid it ^ icx we cannot have the fenti- 
ments of the ancients without their languages ; of which, 
however, I (hall difhirb the text of my book with as little 
as poffible. 



B b 2 C & A P. 
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CHAP. ir. 

Tejlimonks from the principal authors of profane tmtiquitf 
among the Greeks. 

PLATO, who was the head and founder of ^z acade- 
mics^ and without exception - the ^^ateft aiid moft 
amiable philolbpher among the Greeks, whofe' lehtimehts 
alfo, in regard to natural philofophy, arc fuppofed-to have 
been the fame with thofe of Pythagoras*, denies a vacuum 
upon all occafions, and aflerts in general, that ''fire arid heat 
« beget and GOVERN all other things f." Where he de^ 
icends to particulars, as in the dialogue that bears the name 
of Ttmaus, he accounts for the animal fan<flions from an 
inter texture of air and fire Xy ' ^^^Z throughout the ^hcJe 
frame of the body. To fire be afcribes the offisxqi. expand* 
ing within, and ading through the body outwards ; while 
the element of air comprejfes front without, and counter* 
adts the force of the internal fire. By the mimfiry of thefe 
caufes **, and the impdffibility of a vacuum, a perpetual cir- 
culation, as it were -ff, is kept up, through the irtodon of 
the lungs in infpiration and refpiration. The effects obfenr- 
able in gravitating and projeSled bodies, as alfo in amber and 

• 

♦ Plato is reported to have borrowed the do^b-ines in his TimauSy from the writings of 
Philolaus a fcholar of Pythagoras. Thefe writings (as Hcrmifpus relates) he purchafed at 
the extravagant price of 40 Alexandrian Mina of filver. 

-)* T* yat^ ^if^9 71 KUf Uu^ • hi KOf r HXbM }€tm xuf iwir^omvH, Tbeatet. 

♦• Atf ;^nf8f/»f AiriAlX. 

r 

the 
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the kadflone^ he imputes to the a<Elion of the fame elements, 
and fuppofes them to be brought to pafs after a manner ana- 
lagous to that above-mentioned : for in all thefe cafes, he 
obferves, there is really no fuch thing as an attraSiion "' \ but 
the caufes already affigned will be found, by thofe who en- 
quireidiligentfyy to effect all thcfe wonders of nature by their 
reciprocal impulfes, 

I N another part of the fame dialogue, fpeaking of the 
manner in which vifion is performed, by the mediation of 
elementary fire and light, he fays ** Thefe are the fecondary 
" and co-operating caufes which God makes ufe of as his 
** minifiersy. for the finifhing and perfecting of his Work. 
^*.Moft men look upon thcfe, not as ihc fecondary ^ but as 
" the primary caufes of all things ^ inafmuch as they occafion 
" heat and cold., can effect the, cohejion and dijfolution of bo^ 
" dies, and perform all other things of this kind -f-." This 
paiTage while it fuits my purpofe, and fhews how deep Plato 
was in Jthe mechanifm of nature, is fuperior and contrary to 
the opinion of this author himfelf on fome other occafions J, 
and fupplies us with a valuable teftimony againft the idola- 
try of the heathen world in general, who exalted the crea- 
ture into the place of the creator. I know not how to ac- . 
count for this fentiment from the mouth of PlatOy unlefs it 
be taken for one of thofe many articles, which this great 
philofopher, to ufe the words of Serranus — aliunde ex me- 
liore doEirind acceperat, 

* TleUfTtt^ TUrtif OAKH ffcit y« ifiv i/hu Tnrt. 

N. B. This paiTage mav be confulted at large, as well in the echg/t phjfica of StotauSy as 
in the works of Plato himfelf. 

"t* TeujT •vt TTtcfT Iff rtif Ewcwnmy •<; ^•i virn^'nun j^irncf > ini tiv Hqa^v ngUg, r* iwMrvi itttut 
wrj^VfiU It futf i2j[j|^«ir^, xof •arc ruou/iu «;n^pa^«^fy«(. 

X For the truth of this reflexion, confult Cicero de Nat. Deor. lib. 2. c. 12. 

■ * 

Cicero, 
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Cicero, fpeaking of the ancient Platontfts, relates in few 
words how they treated the fubjed; of natural philofbphy. 
** They divided nature into two parts, one of which was 
** aSirve^ the other pajftve. They held it impofltble for bo- 
**dies to cohere^ unlefs they were kept together by fome 
<< force ; and that it was necei&ry this force fhould be ex- 
" erted hy fome matter. In diftinguifhing the feveral ufes of 
'< the elements, they attributed to air and fire the power of 
" giving motion and caufing efFeds ; to earth and water a 
« pailivenefs, or difpoiition to receive their imprcflions *«*' 
Ckero feems here to have borrowed his ienfe from (bme paf^ 
fages in Ocellus Lucantds^ a Greek author of great antiquity, 
who was a difciple of Pythagoras, He reduces all the diif- 
ferent parts of the univerfe to what he calls ** generati^ft, 
<< and the eauji of generation; the latter of which, as ob&f- 
« vation teaches, hath the power of moving and afFeding^ 
" while it is the office of the former to be paflive and it^ 
« ceive motion. Heat and cold, which (according to his own 
^* interpretation) are the i^AXfuts or faculties of fire and air, 
« are the caufes and efficients; the drynefs and moifture of th<! 
<< earth and water afford them materials to work upon f.'* 
And this agrees with what Hermias the chriilian philofb^ 
pher gives us as the opinion of Pberecydes the Syrian^ who 
drew his learning from the books of the Phamicianty and is 
reported to have been the teacher of Pytbagoraiy that ** atbet 
** is the agent y earth the patient J/* 

* De natura autem ita dicebant, ut cam dividerent in res duas : ut altera eflet effidtns, 
altera autem, quafi huic ft prtebens — neque enim materiam ipfain coluerere potuifie, fi 
nuUi vi contineretur : neque vim fine aliqud materia. — Ilia initia elementa oicuntur, e 
quibus aer Je ignis movendi vim habent & efficitndx., rdiqux partes Acdpitndi 6l quafi pa- 
tiefuSy aqoam dico & terram. jfcad. ^tutfl. lib. i. 

1* «ii^«> HMf It mfH&ai. Ottil. Liu«n. cap. a. T« (ut ^H^' "V ^W "* *»^^ "i ^*tv*vi' t* 
% O fut w9*( " ^nift n h Yitt imxtt. Bttbtrt. geogr. &cr. p. 236, 

Zeno, 
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Zeno, who was the leader oStht Ji/ucs, taught that <' nature 
*^ is fuppoited b^ an ekmentary fire difRiied through all the 
«< parts of it *, That there is no vacuity ; the world being 
** {6 compleatly united in itielf, that thene is a ccmnexipn 
" and harmony between things celeftial and terreftrial "f-." 

This mechanical connescion between the diftant parts of 
(he univede, was ingeniouHy expre&d in a figure of the 
g^t Diana of the Kphefiam^ ftill preserved upon {bjne an- 
cient coins %, This idol the fame with the Egyptian IJts ** 
wa& plainly intended to reprefent the pvhole fyftem of na- 
ture. Her body is clo&ly wrapt up and concealed from the 
head to the £bet, under a variet^ of hieroglyphical ornaments, 
ta iiignify the fo"^ matter of the uqiverfe hidden beneath 
dae external y^r/nf and figures of things. (See plate III. fig. 3. 
pagei 29.) In her open face, is the fplendor pf the day ; her veil 
Isehind fliews the darknefs of the night ; her multitude of 
breafis, the fertility of the earth, vdiich as a fruitfiil mother 
fuckles and fupports all her prxxiudtions : ^her hands fpread 
out es:piie& the efiicienC power or agency of the iuperior ele- 
ments ; and to ihew that alefe aA only by means oi me- 
chanical impulfes, and a connexion with even the taoSt e^ 
Creme or lowefi parts of nature, a cAain is cairied 4owq horn 
each hand of the image, and conne<^ed with its feet. The 
ienfe and meaning of this chain may be well expre^d ip 
the following words of a critical author of great karning ><»<- 
In mundo ratione nulld ejfe poteji vacuum — etemm nifi next- 
bus mutuis colligar$tur univerjitas^ nee mundum natura con^ 
jtineret mc regerety nee partium invicem ulla fmret ficietai f"t* 

♦ Cic. de Nat. Deer. lib. 2. 

f Diog. IahtU Zeno. 

X Sec Minetrii Symbol. Dian. Ephef. p. ip. 

** T«f tt ms imi^ ( nAtfifv ) 'm int Anf^unt*^ fi9*Titfm» fntu^w. Di$4L Sk. ubi fapnu 

tt Cal. RhodiFsn. lib. i. c. 7. 

The 
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The golden chain^ let down from heaven to earth by Jupiter^ 
requires the fame interpretation; iox Plato hath obferved, 
that by this chain Homer meant to /peak of the furiy Uhat 
is, of the power and influence of the fun upon terreftrial 
things *. 

I F the fun really does ad upon bodies at a diftance from 
him, it muft be by means of fuch a chain of matter. It 
was upon this confidcration, that Vojftus rejeded the opi- 
nion of thole " who fuppofed the (Bther to be nothing but a 
** great void, in which the ftars performed their courfes \ 
^* than which (as the fame author obferves) nothing can be 
** more contrary to reafon. For it is neceflary the heavens 
** fhould be of a corporeal fubftance, that they may a(St 
" upon inferior things ; which cannot be without either im- 
" mediate contadj or the intervention of fome fubflance ex- 
." tended from the one to the other. Hence the fyftem of 
" the world mufl be continuous in its parts, or at leafl con- 
^* tiguous, that things above may communicate their light 
.«an)d.heat to things below f." So agreeable is this both 
to reafon and obfervation, that fome . writers, . who in ati 
appearance fat down with a refblution to maintain a va* 

xuunty have at times yielded to the remonflrances of common 

■ > • ■ ■ ■ 

• ■ 1 

* T^f ;^ffM¥» wH^^ jvf M/^v «tXN« n Ttfy n\m 0^^<i% Aiye<. Thiotit* See ilfo Miurobius in 
'Somn. Scip. lib. i. But Pierhfshzs an" obfervation more to the purpofe than any I have 

met with 7^^ catena di caelo ab Jove fujpenfoy & lapides pedibus alligatos haberiSj at 

Homcro fingitur \ ita ut u?2um pedem contra£fiorem haheat altero. ^a imago quatuor ele^ 
mentorum Jymholum eji. Juno cnim ipfa aerem ffgnificat : catena ignem, juo atteya ' colli- 
gantiir &c. Pier, hieroglyphica. lib. LIX. _ , . . '* 

. f Multorum ea foret opinio, quod asthera dicimus, nihil aliud e{k^ quam magnum 
ioane,- per quod fidera fuum conficerent curfum. > Quos ihterea nimium quantum 'ratio 
fugit. Nam neccfl'e fuit ccelum corporcx eflc fubllanti^' —- ut fidcra agere pofTent in in- 
feriora, quod fieri non poterat fine conta<Shi, five is per fe foret, & fine coj^poris.altcrius 
intervcntu, five per aliquod fierct intermedium. Ut necclJc fit, omnia vel continua efle 
vel contieua faltem, quo fuperiora poflint infcrioribus impertir^ lumen ?ic calorcm fjum 
^^ de Orig;. & Progr. Idol. lib. 2. p. 255. 

fenfe 
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ienie, and relap^ into this dodrine of VoJjiuSy though in 
diced: oppoiition to their own principles. We had an in- 
fiance di this ip book 2. chap. 3. But let us proceed with 
ouF enquiry. 

After the Acq^mics and tie Stoks>^ the Peripatetics w&k 
mo^ coniiderable* Arifioth their founder, though miftaken 
in ibme things, was wife enough to concur with the beft 
philoibph^^ of antiquity ia difbelieving and rejecting a va- 
tuum. He attributed:>to nature an univerfal abhorrence of a 
vacutwty 2S\A accounted for many efieds upon this principle, 
the mcril: and meaning of which, it is not worth while to 
enlarge upon in this place. . Againft thofe who in£fted on fi 
VQOUum^ as neceflkry to motion, he rightly argued, thait S^ a 
^ plenum is: capable c^ being fo ^M26t£d,, as to oo^fifl vfi|y 
^^-well with the motion &f bodiesj in it : for its parts m^y 
^f yield mutually to qne another, and gkfe ^n eafy paflage 
f^tQ lEK)dies, though t[he ijpace in whi^h they move, k full of 
*> matter. Of this, (he tcils us) ¥K8.haye an iiiftancc in ihc 
*< circumgjfratkm of copti^m bodies, and alio of fimds, 
*^ Nor doEis it foUow that there is a vacuum, becaufe fome 
i^ mafles of matter snay be comprcfled into lefler dimeor 
Hiion^^ fcgr if water ' fhould -be fcmced ^to a finaller fjpa.^^ 
" the air it contains would be fbfiGsd out of it *." Arifiotle 
-miglftt have added, ^hat if /zcp is c^mprefle^, dif ^ce is forced 
,out <»f it j^ the fitme rule beii|g- obieri'ed in all cafes of this 

'\^''\i'^afptf!kMa,ih3A'D^ take an hint 

from -tjbib'f^al]^ge, CD obviate mat imaginary neceilky £br a 






u&i^TUii wh^%i •i\^ ^^l^fS^fHS/^rf ;^e/^^ ^'^^ f^ m/^rot rti Mtuutvtt, Keif revro #^A«ir jca/uv m/( 
r»f9 avft^t ^}>a4ff tmrri^ tuif tf rmtf rm v^*»f» Efii ^rst^ h xof WKfc'^c^mf f^n t*f r« Kfyo»» a^tc ^}^ 
lit, fi>e»& ixifv^UtHf (ff. 4nfifi. ?^Yi^ lib. ^, ^C. 7. . 

C c vacuum 
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vacuum, with which he was occafionally prefled by ibme 
learned men of his own time. He fuppofes a number of iblid 
fphercs to be difpofed in the form of a circle, and all of them 
in conta<5l. One of thefe fpheres cannot be moml forward 
in the circle, without moving all the reft ;J*fo that the pla^e 
of the fphere firft moved fliall be inftantaheoufly fupplied 
by that next behind it : and thus the motion may be con^ 
tinued, though there is abfolutely no void interval between 
any of the fpheres "*. We have^n example (^ this, wjben 
we give a circular motion to water or mercury contained, in 
a cylindrical vefTel : the .parts, though in motion^ will ftiH 
preierve their connexion, and will occupy no more ipace 
>than wh^n they were at reft. : The motion we are now 
'^peaking of' being vorttcaJy yisAdcd an illuftratibn imoft ^ 
greeabk to the phyfical plan df D^-Cartes : but a moCi<!A 
in the fevend parts of a plenum, is by no means limited td 
.the fbrm of a vortex ; for when a li^or is jtrmenwig^ an 
inteftioe motion is generated among its parts in all dtredioni, 
which will continue for fi>me days; and if the liquet:, is let 
to ferment ih a tranipaient veftel of gla(s>^ th$i iight is very 
jcurious. How very ill the continuance of luch a motion 
(agrees with the vulgar inference from the tbtmy ef refifinnceiy 
I leave the- mathematicians to conftder. • . . . 

From Arifiotle^ let us go nesct to Hippocrates y a man aU 
moft deified for his knowlege by thofe of his own times, 
though he was not the mafter of any particular fed jq£. phi- 
loibphers. He had enriched his mind ftom^ the. (experience 
of earlier times, and derived a conftderahle part oC bis own 
ikill from a diligent ftudy of nature. His opinioi; in general 
may be learnt from the following paftage <' The element of 



* • 



^ J>u Haml de confenfii Vet. & Nov. PhiL p. 128^^ 
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*•* air has a dominion over the human body, and is the prin* 
^* cipal fource of all things that happen to it, whether good 
^* or bad. Its power and influence defer ve well to be accu- 
'* rately examined ; for wind is no other than a current oi 
'' air, rolling along in impetuous waves, which are lb \do> 
/' lent as to tear up trees by the roots, raife the waters of the 
^^ ocean into a ftorm, and overwhelm and fink the largeft 
*^ vefiek to the bottom of the deep. Such and (o great is 
•^' the power it exercifes, though at the fame time it is not 
•**^an otjed of our fight, but manifefl only to our reafbn. 
:*f What are the effei^j to which air is not necefiary ? or in 
'< what place is it not prefent ? All the fpace between th6 
.** heaven and the earth is filled with it. It is the caufe both 
'^ of the winter and the fummer. In the winter, it is con- 
'* denied and cold ; and in the fummer it is mild and ferene. 
'* The fun, moon and ftars are direded by it in their couries; 
'< for aii* is the aliment of. fire, and fire that is deprived of 
■*' it becomes extind : £q that the fun itfelf has a perpetual 
'f motion by means of a pure and perennial air. The fea 
•'^itielf is impregnated with this element, . becaufe the inha- 
*f bitants of the water cannot fubfiil without it : in a word, 
'* it fiiftains the moon in its orbit, ferves a& a veUcU * to the 
** earth, and no place is .void of it f ." 

-. • * O^/VH which is the word here* being rarely ufed for any thin^ but a carriage mtfv'mi 

■■ by land or water, for all the kinds of which it is -a general term ( as foe lul. nU. Om- 

mqft. lib. I. c. 9. lib. lO. c. 12) (bould imply a metim in the earth : but I know not how 

to reconcile this with what goes before, concerning the ^»fifi nAi* or aiufe of the fun^ 

unlefs we foppofe Hippocraties to hav« alluded, not to the motion of the funs iiody, but 

■ the emiffion of his ligntf to which the word «A<*( hath fometimes been applied. Tnus in 

Afinuurmus <J» (im it it faid — m*. t im yn* tuiturif «iA<*« ; ^tuituUtl fupir terram fpareitur 

■fili which muft fignifie the Eght of the fun, as^rely as Htmr meant the Ught of, the 

'moFningi where- he fays— — R«( ftu ii^tifn*)^ vaitit!^ wmnu *w'tu€u>. And Sattttft'^ the 

Greek philofopher, obferves yet more exprelsly — Tmi <Aiv inf'&^m^i Mf «•> *** ««« *^m- 

(jt; Kunf* HAION (> «v>«^M<e i(|iA«v^«>. Dt Dih is muud. cap. 4. 

\ 0«^< it (««() (uytfn %9» t* «v<Mi tmt nfiTittfit'rmt hnttrtu —^ rt — icMtM fi m/tti tfii nrrtv. 

iSpfK. de flatibus. p. i. ' 

C c 2 This 
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This a^itlior hav'iog afcrib^d (o »nrach to the afr, j<i1i 
hiay foiped,. perhaps, that 'he. has left 'no room for ariy 
other phyficfell agent. He 'fpeaks, however, as >explfcitty ifi 
ipt her .places of an iihiverial //J)y:; and particulariy ill ih?s 
book V<? -t//d?/t7, wherein he- affirliB, that l^iselenlbiu: "idif- 
*'!pdies «11 things in the body dfter' a manner |}ropttr to itfklf, 
"and according to the iimiHtude of the umvtaHfe, i£> th^ 
<^ finall things ^re like toigteat, ahdrgreat to fmall : tbatft 
*' is mod ipowerfiil, hath an ^oiniverTal dominion, and igo- 
"verns-all that^s^acbordictg to the'OTder'of natUiec; whii^ 
<^itfelf is-fiiem, inviiible, 'iiiipiBtceptible in its'operati<U]8,'Aii9 
"' in rperpetiial- agitation *.*' 

Thv-s farweliave followed L^yy^/^cro/^j'^'anaturadifl!. 
If we'*cdnft»lt him as a theologift, 'he wUl'tell <us, thlt thfs 
^inf -is' divinb' and' intelligent, 'endued^ with ixiind, iRaibti, 'iEirid 
wiidom't, -tod :to'be iinderftood "sis the •fountaiti-bf thefe 
to all other'hBuigs 1 'he confclles himielf to i]b\tt itelievied) 
that vfhAt-is fSalii^ ieat^ is immbrtal aiid'otnni&ient, 'tipa* 
ble -of hearing and ^^irig, * and acquainted ^widi sll ^tfaitigs 
both prefentandi to; come. This^ he adds, is ;what the aif- 
cients underftbod by ^^/ifer- J. He » fpeaks of f the >^^ ^in tht 
^me^ftrain^ as endued with i^jW' and' B!^sm£^^ 
Jenfe to the brain as well as knotion to the^limbb^U 



!m&t fSM^t^t M0if j»t9«A« «eH fw«cf . — — I^v^2tr«r ff«i^, wwi^'vnahtm %inK(j^rxttm{>' ^^K^'mkmiiiti 

hmimtiif u hmXtitk §ifyf^ Hiff0c, de ou-iubut. p. i. 

ir A^^— ^«ai4w If Til Hy»i^«A#F — u»» ^Mi0i» jMy «|9 Mi9naif rwm fiiAifi wapj^tt, De mpfh facr: 

*" iuif fiimfiJut ti^t, ' )l^iJ. p. 93. 

This 
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Thts A(S&ntie opens to ois ^the -whole (Secret of the (pagan 
kloktiy . The ^philofopbers rof £he heathen world .were well 
^acqimioted whh ibe infiuence 'of :thele dements over :aH 
•othCTithings.; :and .being 'ignorant: of itbe true and living -God,- 
-judged it to he ^impoilibk .'that air and yfire poiild ^perform 
fuch wonders, unlefs they were divine ; and therefore .W(xv> 
-ffaipped them univerially, .as immortal and intelligent. This 
:is the tTtps, whiQh iBigOOi :having t^ ibme .means obcained 
^a^toer light, cfo clearly condemns, lin^that memorable 'pai^ 
i&ge, where !heifpeaks;of:phyfi:oal caufes. :But k waiiaiiiep- 
vt<ir >fo i^eply rooced, daat/this fublime philofopher hin^if 
wasnot akcgetber fiee from it. 

■pHUiR44:trT>u's the mythoic^ift'cotlfdles plainly '^noti^, 
idiat.ihe J^iferand Jum of the Greeks werejlfir^;and air*, 
^he (former hedefcribes .as the fwl'Of the w$rM, anjd ^imar- 
jgines tfaeihuman (buKto eoiiii'ft of the fame fubftaace. Thdr 
-%t3i*ryj^<if^ Jilf>6li9yin the - utmoft : fublimity of its meaning, < did 
-cei4iamiy:expre4;notiiiiig ^bi^her than the I^bt oi the fun-; 
^as.it:is evidefit:'fTt)m all the ^epithets «ind attributes ^iliciiibed 
to -this deicy 'by the. ancient poets and mythologifts* "Macro- 
;iMrjwith'a.greatiXM)tnpafs of learning, ^ndrfts greatan ap- 
pearance 'of trtidi, redncesall the gods of 'tke'Geftftks to 
rthe various efk€t% and' operations' af the ^fim. If the reader 
ihould have ^any defire ^ to ^be latther> acquainted -with thefe 
things, I would recommend to his peru&l>tl» ,&eatife-of 
Pburfuttus Mpoti'the nature Itf the^gcds^ •and a part in the 

* Seo-the.i^ and;?' cfaapten of his bodcx^iAAitoni ArAffw— -'J[jpfV;eniv)> :id:(^.%t- 

fiur &c. Fulgent. Mythol. lib. III. c. 7. Ijfwu pofiu ell in fimUitudinem atns. An' 

- tiqui enim i^«m y»msy id 4ft Jgnity uxoratn J&-Mroi«in'dixenint. 'Mrhu-iif Dwr. 
' imag. qip.xi. 

Turn Pater omnipttetu fcectthdis iihbribus ^THER 
Conjugis in gremium betx defcendit, & omnes 
IlAagnus alit nugno pensiflus coippre.-fioetus. 

Firg: Georg. lib. II. 326. 

firft 
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firft book of the Saiumalid of MacrobiuSy from the begin- 
ning of the fevemeenth to the end of the twenty third chap- 
ter : from all of which, he cannot eafrly fail of imbibing 
ibme taile for the heathen mythology ; a branch of the an- 
cient learning, very curious in itielf, and not without its uie- 
'fulnefs, when it falls into proper hands. 

As. the Greeks borrowed both their learning and their re- 

.ligion from the Egyptians^ it is highly probable, that the 

philofephy and theolc^y of that ancient people muft have 

coincided, even from the earlieft times, with theie jplacits of 

the Grecian &g^.. And >his is confirnied by the moft early 

account we have of the EgyptianSy in the Ikcred writings. 

,For the miracles in Egypt leem to have, been chiefly calcu- 

.lated to aflert an over-ruling power c^ the true God, and 

diftinguiili it from the above-mentioned philoibphical objedls 

of the. heathen worfliip, which were no other nor better 

. than the works of his hands, though ignorantly and pro- 

,&nely dignified with the exaltied attributes of omhtfcienoe 

. and eternity. The Liord is faid -to have executed judgments 

upon the gods of Egypt * ; which I cannot but Aippofe to 

• have happened, when their light was turned into darknefa; 

• the wind brought locufts, and fcattered the aihes of the fur- 
nace over the whole land; the heavens fent down a ftorm 
and temped upon them> and fire ran along upon the ground, 
devouring and laying wafte the fruits of the earth. 

These element^ they worshipped, not, according to 

Plato\ excellent diftindiion, as fecondary infiruments in the 

- hands of God, but as the prim^iry caules of all things, and 

. the fupreme Governors of the world ; denying And rcje<aing 

the fupremacy of that God of the HebrewSy who created 

* Nimb. 33. 4. See alfo Exad. 18. 11. w^itch U very expreft. 

the 
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the world in the beginning, does now fuflain the powers of 
nature, and will at laft overthrow what they vainly believed 
to be immutable and eternal. It does not fall in with my 
defign to fay any thing of the other iniracles ; though they 
may eafijy be accounted for from fbme circumftanccs in the 
hiftory ; whence it will appear, to thofe who confider the 
cafe attentively, that this cruel an4 oppreflive people were 
punijhed by the very things wherein they had offended 'y as it 
was obferved long ago by the author of the apocryphal book 
entitled the wifdom of Solomon *. 

The philofophy of the more modern Egyptians is hardly 
to be coUeded from any exprefs tefHmonies, involved, as it 
is, under the obfcuricy of emblems and hieroglyphics ; which 
thc^e who have undertaken to explain, as Horapolloy Pie^ 
riuSy KircheTy and others, appear to have underfiopd but 
very impcrfedUy. The fafeft way, therefore, is to colied the 
general intention of it, from what the moft early philoio- 
phers pf Greece borrowed from them : the fiibftance 01 which 
we have ^en already. 

♦ Sec chap. II. V. 6. 7. 16. 
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CHAP. IIL 

Some oBfervati$ns on the remaim of the Chaldaic phikfopby, 

OF the Chaldaic phtlofbphy these is little remamiog, 
but a few fragments^ andmutikted pailages \, in whidi 
however there are fome valuable hints, fxom whcQoe a tO' 
ierable idea of it may be colieded. 

I N the oracles of Zoroafter *^ xuentioQ is made of an 
harmony or nuto^ ,of the scther^ of the fun, ofthemoaa^ arujl 
pf all thkigs that are furrounded by AIR f • Whence it is 
clsai; enougjii^i that the ancient Perfiam and Chaldeans had 
.no opinion of a vacuum ; having thus filled all fjpacc with 
/dr^ and what they cadled an all'-murifhing mher^ to which 
-ihey joined aa intelligent aod lij^'-gvoing firi X^ ,, : 

Some moderns, who have refined uppn thj^^^eojiOgy pf 
the pagans, and interpreted their creed fo favourably, as to 
make it differ but Ihtle from the chrijiian dodrine, have 
fuppofed they worfhipped Jire^ only as an emblem or image 
of the deity, as the romanijls make ufe of pictures to en- 
liven their devotion : but the contrary is ftrongly to be fuf^ 
ped:ed, from the attributes they afcribe to it. For this fire 
is no dead image of a fuperior intelligence in theDeity, but 
is aflerted to be endued with an intelligence of its own ; it is 

xot| C,mi ^cajoT^s t<ti — Intelligent Jire^ ^^/^"i}"^^^^ fiv^ — "^^f ^^ 



. ♦ \siittf,tA 'mStanUys lives of the philofophers, from Francifcus Patncius. 

' "f ^Jft^ P^^^ ntXtW rf, 9iXLlfT,i Tf, KOI §7» m^ ffVftp^fTU^. 
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did fir By thefi)ul of the father ^ remaining immortal ^ and the 
Lord of life — wluch cxpreffions are too high to admit of 
any thing faperior. You may indeed render »o«poy by the word 
intelleBualy which will give a different fenfe ; but from the 
whole tenor of thefe oracles, fuch a conftrudion would be 
unwarrantable. , 

I hope I fhall not fland in need of an apology, for wan- 
dering thus into the depths of the theology of the heathens, 
while I profefled only to colIeA their fentiments on natural 
phihfophjf. For it is confpicuous enough, that philofophy is 
here fo metanuMphoied into divinity, that it is fcarce poffible 
for me- to feparate them. With thefe unenlightened idolaters, 
wife enough as naturaltfts, but miferably blind and ignorant 
of things fpiritual, God and the world were but one and 
the fame thing ; and this perfuafion gave birth to the whole 
fcicncc of afirology, for whk:h the Chaldaans were fo much 
famed : fo that if we defire to obtain their judgment on 
nature, we are under a neceffity of taking their theological 
dodxines along with it. Imun therefore beg leave to go 
on a little farther upon the fame plan, as there is (bmething 
in thefe remains of Zoroaftery worthy of being brought out 
to the light. 

JH I s philoibphy included in it a kind of phyfical trtnity, 
which is evidently made up of the powers of nature, and 
will ferve to teach us, what he fuppofed thefe powers of na- 
ture to be, even the fame as we have alrtady found and 
eftablifhed from eicperiments. It was a principle of this phi- 

lofopher, that — tlctrn w ytarfJiOi Xftfiitu T^W,' ns Movaj «*p%« — — 

a triad fhineth forth throughout the world, over which an 
unity prefides. This monad or unity muft fignify the fun ; 
the AJfyrians ( that is, the Chaldceans) according to Macro- 
biuSy having wor (hipped him under the name of Adad, which 

D d name, 
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name, as he tells us, Hgnifies om or unity *, As to the 
triady I Ihould delpair of unravelling fo great a myftery, 
had not another fragment of the fame Zoroajier prefervcd its 
interpretation — 



Hepios, T^noi otM^ o$ ti Ylu^i tmv Y%»a ^Atk. 

As thefe were undoubtedly defigned for hexameter verfes, a 
word is plainly wanting at the beginning of the firft line, 
which according to the fenfe, the meafure of the verfe, and 
the poetic dialeB here made ufe of, muft have been HeA«; -t 
the fenfe of the whole therefore is this — The facred courfe 
of the fun, or light , is the firfl porter ; in the middle there 
is an aerial power ; and a third is that, w,hich cherifbes the 
world ivith fire. 

Experience will teach us, that natural eiFedls are im- 
mediately governed by thefe inftruments of the divine power ; 
and the ancients appear to have been well apprized of it. 
But what a miferable ufe did they make of this valuable 
treafure when they had got it I Here they ftopt : this phy- 
iical triad, by a ftrange perverfenels and abufe of reafbn, fur- 
nifhed them with a pretence for denying that fupreme power, 
which gave birth to all things, and is of a nature indepen- 
dent and diiliniH: from the world of matter. 

On the contrary, the fathers of the chriflian church, 
having fhaken off the prejudices of paganifm, and being 
better informed by divine revelation, were always very fe- 
verc upon the Gentiles for diflionouring God by that vain 
philofbphy, which fuppofed him to be coequal and coeval 
with matter, a foul of the world, a tertium quid made up 

• Saturn, fib. i. c. 23. 

t i&{«M»f «A<i( is the piuafe ufed by Hippecratts. ftt p. 203. 

of 
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of matter and intelligence *. Among the reft, Epiphaniusy 
a learned and eloquent writer of the fourth century^ has 
fome remarks in this way upon the various fedls of the Gen- 
tile philolbphers -t* ; and was fo happy as to refcue this phy- 
fical trinity from the ethnic abufes of it, and apply it to its 
proper ufe, as an emblem and fhadow of the divine perfo- 
nality. Speaking of the coequality and co-efficiency of the 
Jacred trinity againft fome of the primitive heretics, he lays 
— Are not theje three perfom to be underjiood- by every one^ 
as they are appofitely r wealed to us by light y jire^ air ; and^ 
I think) by fome other fimilitudes alfo of vijible things^ as man^ 
whofe uriderfianding is thus minijrred unto, is found worthy 
to receive them %? 

As I have endeavoured, upon another occafion, to give fome 
proof, that my concern for this facred and fundamental doc- 
trine of our religion is very fincere, I could not help {peak- 
ing of this, as an hint to ground an argument, or rather an 
illujlration upon from nature : and am perfuaded it might 
be improved, very much at large^ to the entertainment and 
fatisfa^bion of thofe, who can take delight in {o fublime and 
deferving a fubjedl. But as I do not admire digreHlons, I 
muft content myfelf at prefent with only propofing it, as 
an article both ancient and curious ; and leave a more par- 
ticular profecution of it, either to another haind, or at leaft 
to another opportunity. 

* Quid enim aliud eft natura^ quam DEUS, & divina ratio toti mundo & partibus ejus 
infeitar Smtca it Benef. lib. 4. 

t Epiphan, Op. vol. I. p. 12. edit. Colon. 

Kof m)k>a4f •ifuif •^nm »fi($tttrt9t, i(^9^f mi*^ • i^i($99Uf/^t9*i asfJp^Tr^* Id. vol. I. p. 891. 
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C H A P. IV. 

Some extraSis from two authors atmuag the Latins, Pliny and 
Seneca i with fome reflexkm on the Democritic fyfi^n. 

AMONG the Latins^ there are fome pieces ftill ex- 
tant, which treat profeflfedly of nature ; as the natu- 
rai hifiory of Pliny ^ and the natural queens of Seneca \ the 
latter of which is the moft compleat work of the kind, that 
is come down to us from antiquity. 

Pliny was certainly no friend to a vacuum ; he rather 
chofe to ibllow the judgmoil crf^ earlier times, and under- 
ftood the i^aven and the air as two names for one and the 
fame thing *. And left we (hould miftake his meaning, he 
fubjoins, that every fpace which looks like a vacuum^ is va, hiSi 
a promptuary c& this element. The earth and the planets 
float in it, and are fupported by the ftrength of it : it pailes 
through ail things, and n^akes a part in mc compofition of 
all bodies i*. 

H E relates it as the opinion of PofdoniuSi die mathema- 
tical preceptor of Cicero, that the region of the winds, clouds, 
and vapours, is extended to about 40 fiadia above the level 
of the earth's furface ; , and that thenceforward, throughout 
the higher regions, there is a pure and liquid air^ with an 
undifiurhed light %, It is worth remarking, that this ancient 

* Ccelum appellavere majores, quod alio nomine atra : oiqo9 quod iaaoi iimtle vitaletK 
hunc fpiritum fundir. Plin. Nat. Hift. lib. 2. c. 38. 

t Ih'td. c. 5. & 6. 

X Pojidonius non minus quadraginta ftadiorum a terri altitudinem efle, in qui nubila ac 
vend nubefque proveniant. Inde purum liquidumque & imperturbatse lucis aerem. Ibid, 
c. 23. 

geometer 
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geometer hath fixed upon the altitude of 40 ftadia (which 
make nearly 5 Italidn miles) for the extent of the atmofphere ; 
this being the very quantity that comes out, if equal fpaces 
in the atmofpherical column (hould correfpond to equal parts 
in the column of the barometer : whence it (eems not im-^ 
probable, that he was poflefled of fome experiment for dif- 
covering a counterpoife to the preffure of the atmofphere, 
though his inference from it was not fo corredt as it ought 
to have been. 

I N regard to fire^ Pliny aiTures us, it had never been 
doubted, fo far as he was able to find, that the elements are 
four in number, and that fire is one of them *. This fluid 
is prclent in the human body, in wood, in ftone, and even 
in watser itfelf. Nature is fo rcpleniAed with it, from the 
immenfe fire of the fun and ftars, clouds, burning moun- 
tains and fiery exhalations from the earth, that it ought to 
be efteemed as the greateft of miracles, that a fingle day 
fliould pafs without a genwal t»nflagration of the uni- 
vcrfe "t*. 

Another pbyfical writer among the Romans, is Seneca; 
who a(&rts pofitively enough, that there is no fuch thing as 
a vacuum in nature % : that a medium muft be concealed 
within the mo^folid bodies^ htczxik foufid would not other- 
wife be tranfmitted through them, as it certainly is **. Some 
philofophers would be objeding, that a bird could not fly 
through the air, unleis there were a vacuum between its par- 

• lUd. c 5. 

t ExctJit fr»ft&9 mama miraadaf nUum £tim fidff$, fii$ nom cwUia ccmflagrartnt. Ibid, 
c. 107. fee the whole chapter. 

X Nihil etiim ufquam inane eft. Nat. Qvueft. 1. 3. c. 16. 

** Vox autem qua ratione per parietum munimema tianfinittitur, ntfi quoi folido quo* 
ciue aer ineft. Ibid. 1. 2. c. o. This is one of Du Hamel's argumaKs fbr a Jid>til metier, 
in favour of Dti-Carta j and moie^ I bdieve, aiigbt b« £ud upon k, than lie wa» aware 
of. 

ticies. 
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tides. Seneca affirms on the other hand, that the feveral 
parts in a line of matter cannot poffibly afFeA one another 
without continuity *, a pofition, which excludes the whole 
fyftem of immaterial attradions and repulfions : and that 
the continuity of water is no hindrance to a free motion of 
folid bodies in it ; becaufe it is the nature of fluids to yield, 
and flow backwards with a contrary motion into the /pace de-- 
ferted by the moving body. Upon which confideration, there 
is no necefHty for an interfperfed vacuum f . 

Of xh^airy and its influence as a phyfical caiife, he fpeaks 
nearly in as high a flxain as Hippocrates himfelf. He goes 
{o far, as to impute the cohefion of our bodies to it, and there- 
fore mufl undoubtedly have been acquainted with the pref- 
fure of the atmofphere, of which the ancients are fuppofed 
to have been altogether ignorant J. Where the atmofphere 
ends, it was his opinion, that a purer cether begins, and is 
extended, from thence to the fun and ftars ||. And laftly, hd 
held, that what is called fre occupies the whole world f +. 

W E fee then, what hath been the general fenfe and doc- 
trine of the ancient philofophers, concerning the operations 
of nature. When I had determined to confult their judg- 
ment upon this important fubjed, I perceived it was necef- 
fary to confine myfelf to thefe few leading queftions — 
Whether they had found the world to be full or empty of mat-- 
ter ? What ofiices they ajftgned to the different elements, of 

* Nunquam enim context!, nifi per unitatemy corporis nifus eft j cum partes confentin 
ad intentionem dcbent, & cohferre vires. Lib. 2. c. 6. 

t Aquarum quoque fimilis facilitas eft : nee de unitate illarum dubium eft, quae fic 
corpora accipiunt, ut /emper in contrarium acceptis refiuant — * Nilnl autem opus erit inani 
(idmijio. Lib. 2. c. 7. 

X SiTe autem unitatem in aere, vel ex hoc intelligi poteft, quod corpora nofira inter, ft 
cohareant. Quid enim aliud eft quod tenet ea, quam fpiritus ? Ibid. c. 6. 

I Lib. 2. c 14. lib. I. c. 2. 

ft Dicimus autem ignem eile, qui occupet mundum. Lib. 3. c. 13. 

which 
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which the material world conftfls f And, to what caufes in 
fpecialy they thought Jit to afcrihe the immediate produ&ion^ of 
natural cfFedls ? Had I not thus prefcribed to myfelf fome 
certain limits, my enquiry had been both endlefs and un- 
meaning; and the defign of the prefent work being fuch, 
as to include only the caufes of motion^ or firji principles of 
natural philofophy, it would have been impertinent to have 
followed the ancients farther than I have done. The main 
fubftance of what I have extradled from them, agrees fo 
well with what we had obtained before, by an examination 
of nature itfelf, that the conclufion^ at the end of the pre- 
ceding book, will never be fu{pe61:ed of novelty ^ by thole 
who have had patience enough to follow me through the fe- 
veral articles of this coUedion ; and fome, perhaps, may be 
led by this courfe to entertain a better opinion of its truth. 

But it now behoves me to confefs, that the ancients have 
been applied to for their fuffrage in behalf of fome princi- 
ples, widely different from thofe, for which I have here been 
pleading. Dr. Clarke^ in his fecond reply to Mr. Leibnitz y 
thought proper to infert the following obfervation — - *^ Many 
" ancient Gr^^^r, who had their philofophy from the Phce- 
*^ nicianSj and whofe philofophy was corrupted by Epicurus^ 
^* held in general matter and vacuum ; but they knew not 
** how to apply thofe principles by mathematics to the expli- 
^* cation of the phcenomena of nature^ Who could thefe 
Greeks be ? Neither Pythagoras^ nor PlatOy nor Ocellus Lu- 
canusy nor Thalesy nor ZenOy nor Arijlotky whofe names 
were moft ancient and famous in natural philofophy, are 
found to have acknowleged thefe principles. But he that is , 
aware of Dr. Clarke % manner of reprefenting things, will 
not be furprized, when he difcovers, that thefe many* ancient 
Greeks were the Democritic atheifts ; who by the help of an 

internal 
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internal power or gravitating force in atoms^ and a vacuum 
wherein tbefe atoms might have room enough to move with- 
out being refifted, had dextroufly contrived to account, as 
well for the formation as the prefervation of the world, with* 
out a divine providence. If the clearcft tcftimonies are of 
any weight, the brains of Leucippus and Democritus were 
firft delivered of this philofophy. Such as it is, you have a 
copious account of it in JLaertius's life of Epicurusy and 
in the poem of Lucretius ; who, in defence of his vacuum^ 
wifely argues againft ^foBy becaufe he could not underfland 
how that jhtnild be, which really is *. This fyftem included 
fomc fubtil fpeculations, concerning the fizes and figures of 
the firft principles of bodies, and the appearances that may 
arife from them, which are not without their ufe: and 
hence the followers of it had the denomination of Atomifisy 
or Corpufcularians, This branch of their fcbenae was pro- 
bably very ancient and of good authority, and has, I believe, 
been cultivated more or lefs by the philofopho^ of every age. 
It was revived in a particular mantier in the laft century ; 
and Mr, BoyUy to whom we are fo greatly indebted, was 
very fond of folving effeds from fome certain con%urations 
of the primitive particles of bodies. But how effeds can 
arife, merely from a configuration of the parts oi matter, I 
fee not : and it feems as unreaibnable to form a fblution 
wholly and altogether upon fuch a fpeculation, as to deduce 
the demolition of a fort from the fpherical figure of a can- 
non-bullet ; which indeed is of a fc»'m, fitted for its flight 
through the air, as it comprehends moft weight under the 
leaft furface ; and of a fize beft adapted to the cylindrical 
cavity of the gun : but muft remain inadive withia it, till 

* Lucret* lib. i. l*37i« Illud in his rebus ^ &c. 

« 

It 
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s 

it receives motion from a proper agent, the confidcration of 
which is infinitely more important than the figure of the 
bullet, though that alio is by no means to be negleAed. 

Thus far tht Democritic method of philofophizing might 
be both ancient and innocent ; but this, I prefume, was not 
the part upon which Dr. Clarke fet a value, as he did not 
think it worth mentioning ; nor c6uld it indeed be of any 
fervice to the argument he was upon. It recommended it- 
felf to his attention, by its doctrines of a vacuum^ and an 
inherent quality of motion in the parts of matter ; by which 
it differed from the beft and moft univerial philofi^phy of 
antiquity, and was diilinguifhed as a foundation for atheifin. 

The derivation of its pedigree from Phosnida, is alto- 
gether groundle^, and is fufficiently refuted in what we 
have feen already; as alfb by what is affirmed of *Tbales^ 
the firfi among the Greeks who travelled into that country 
in fearch of natural philofophy, and maintained, that there 
is no fuch thing as a vacuum in the world, Plutarch^ who 
informs us of this, adds upon the occafion, that all philofi' 
pbers, but the Atomifts, who denied a providence^ agreed in 
this doElrint *. 

• Di placit. philof, i, i8. 
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G H A P. V. 

The fentiments of the moji eminent of the modern writers 
fubjoined to tkofe of the ancients. 

SINGE the fuppoTed difcovcry of a vacuum, (bme have 
confidently affirmed, that natural ef&£)3 are no way to 
be accounted for, but. by the power of the Deity immedi- 
ately interefted : and either the reafbn of man, or the rea^- 
ion. of things, is fo altered, that what did ierve formerly as 
a ground-work to atheifm, is now recommended as the only 
/ure foundation of natural religion ; as if it were impofUble 
for God to ad by fecondary caules, without tempting us to 
believe, that fuch caufes were able to contrive and frame a 
world without his interpoiition. Thofe who objed to fc.- 
cond caufes, upon any pretenfions to religious motives, mud: 
imagine furely, that matter, if there is but enough of it, 
can move, adl, and think, by its own nature. , If it cannot, 
we are in no danger of excluding a divine power, by filling 
the heavens with a fluid medium : if we fufped that it can, 
then we make ourfelves materialifts, that is atheifts, in or- 
der to confute atheifm more cfFedtually. So that this triumph 
of natural religion over atheifm, is cither affeded, to ferve 
fome hypothefis^ or grounded upon too hafty a judgment of 
things. 

A N infallible criterion of Ample and abiblute atheifm, is 
the exclufion of final caufes* If you can fix upon two or 
three of thefe, which are clear and beyond difpute, as that 
the iye does not fee by acadent^ but was contrived for feeing, 

and 
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and fuch like, you anfwer all the atheifts that ever were or 
ever will be ; who are no better than fots and ideots, if they 
can (land out againft the teftimony of their own fenfes. 
For you prove, by a fingle ftep of reafoning, that there is a 
divine mind or wifdom, that hath wrought with a view to 
certain endsy which it hath attained in the moft perfedb man- 
ner. This topic is well purfued by Cicero^ in a beautiful 
and mafterly draught of the wifdom and defign that appears 
in the various works of the creation. It makes a confider- 
able part of his iecond book de naturd deorum : and in my 
opinion, this difcourfe, fo far as it is a.confutation of atheifnty 
is abundantly fufiicient for that purpofe, and compleat e- 
nough in its argument, without any farther additions. 

But all this, though unexceptionable and unanfwerable, 
is obvious (as it ought to be) to every capacity ; it is plain, 
eafy, and old-fafhioned : therefore all men arc not pleafcd 
with it. If you will follow their new prefcription, you muft 
bring yourfclf, in the firft place, to believe a vacuum ; the 
fteps to which are not underilood by one in a thoufand : 
then you are to remove the notion of aSiio in difiansy which 
in the laft age had fome great authorities on its fide : then 
you arrive at this conclufion, though not without a confidcr- 
able ftride, that God himfelf is the fole agent, to whole im- 
mediate power, exclulive of all fecondary agents, the loweft 
cfFedls in the world are to be imputed. And if thefe things 
are fo, then it follows, that there is a God, and you triumph 
over atheifm. But in the m^n time, if your foundations 
fliould be weak, and experiment ftiould overthrow your ar- 
guments for a vacuum j the capital truth ^ natural religion, 
as you have contrived to ftate the matter, will Be in a very 
precarious fituation. No good, tlicrcforc, can accrue to re- 
ligion, from this meth6d* of confuting atheifm ; land fome 

E c 2 danger 
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danger is always to be apprehended from new and empirical 
proje<9:s in divinity. 

O F this the excellent Lord Bacon was truly fenfible : and 
there is not, in the whole courie of his writings, (o heavy a ccn- 
fure, as that which he thought proper to pafs upon the er- 
ror now before us. " Certain it is, (fays he) that God work- 
" eth nothing in NATURE but by SECOND CAUSES : 
" and if they would have it otherwife believed, it is mere 
" impojiurey as it were in favour towards God ; and nothing 
" elfe but to ofFer to the author of truth, the unclean fa-- 
" crifice of a lie *." 

I T is obierved by the fame author, with that brightnefs 
of exprefHon, fo familiar to him upon all occafions, that 
" heat and cold are nature's two handsy whereby £he chiefly 
" worheth -f ." The nature of cold in particular, he propofes 
as a thing worthy the inquifition " both for ufe, and dtfclo* 
«* fure of CAUSES J." And he docs not fecm to have be- 
lieved, that cold is a mere privation of fubftance ; but ra- 
ther, that it is " adive, and tranfitive into bodies adjacent, as 
" well as heat **." Gilherty the magnetic philofopher, hav- 
ing poilefled himlelf, as he thought, of an attraSlio in dijiansy 
had published the dodrine of an abfolute vacuum in the 
fpaces between the celcftial orbs. The Lord Bacon^ on the 
other hand, had formed to himlelf " a theory, according to 
" which, all fpace is filled either with an aerial or fiery 
" nature ++." He denied alfo, " that the pores or cavities 
" of tangible bodies admit of a vacuum ; but that they 

• Aiv. »f Learn, p. 5, 

+ Nat. Hifi. Cent. I. N». 69. 

t Ibid. 

** Jhii, 

ft Theoria noftra negat vacuum iHud coacervatum Gilberti inter globos iparfos, fed 
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** contain either air, or a fubtil fpirit proper to their nature 
** and difjx){ition *." Of this fpirit he treats, as of a material 
cauie ; reje<^ing all thofe pretended fblutions, as unmeaning 
and unphilofophical, wtiich are deduced from virtues or 
qualities in matter, and with which the fchools in his time 
did very much abound. " Whatfoever is invifible (fays he) 
" either in refped of the finfcnefs of the body itfelf, or the 
**fmallnefs of the parts, is but little enquired. And yet 
«< thefe be the things that GOVERN NATURE princi- 
** pally ; and without which, you cannot make any true 
*•*" analyjis and indication of xht proceedings of nature. The 
" fpirits or pneumaticalsy that are in all tangible bodies, are 
** fcarcc known. Sometimes they take them for vacuum ; 
" whereas they are the moft a<fiive of bodies. Sometimes 
** they take them for air ; from which they differ as much 
** as wine from water. Sometimes they will have them to 
" be natural heat ; whereas fbme of them are cold. And 
** fometimes they will have them to be the virtues and qua- 
•* lities of the tangible parts which they fee ; whereas they 
**^are things by themfelves. And when they come to plants 
•* and living creatures, they call them fouls. And fuch fu- 
**pe'rficial fpeculations they have; like profpedives, that 
•* fhew things inward, when they are but paintings. Nei- 
•* ther is this a queftion of words, but infinitely material in 
•* nature. — As to the motions corporal, within the enclo- 
•* fures of bodies, whereby the effeSls pafe between th^ fpirits 
•* and the tangible parts, which are arefa<^ion, coUiqua- 
•* tion, concodion, maturation &c. they are not at all hand- 
'* led. But they are put ofF by the names of virtues, and 

* Nullum corpuS) nobis notum hie in fuperiore parte terrz, fpiritu vacat Nequc 

enim cava rerutn tangibilium vacuum recipiunt } fed aut aercm) aut fpiritum ret proprium. 
jy^. Ftt. U. Atert. Can. %. 

" natures. 
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** natures, and adHons, and paflions, and fuch other logical 
" words. — It is certain, that of all powers in nature, heat 
*' is the chief ; both in the frame of nature^ and the works 
" of art *," 

That Mr. Boyle was nearly of the iame opinion with Kis 
great predecefTor, and always fearching for an explanation 
of effeAs from fecond caufes^ muft needs be known to thofe 
who have looked into his philolbphical works, - and in par- 
ticular his hiftory of firmnefsy where he attempts to derive even 
the cohefion of fblids from the prefTure of the atmoiphere. 
Por although he was unfuccefsful in this, it ferves to teach 
us, what his general perfuafion was : and the induftry of 
man, ftill working upon the fame ground c^ Jecond caufes, 
may in due time be produAive of fome better fruit. 

D R. Cudworth^ author of the intelleSiual fyftem^ is one 
of thofe many writers, who have condemned that po£ltion, 
whereby God himlelf is made to be the fole agent in na- 
ture, as improbable in itfelf, and unworthy of the Deity. 
As his arguments appear to me to be worthy of confidera- 
tion, I fhall here adopt, and fupport them With fome i^r- 
ther obfervations of my own. Firft then, this portion throws 
demon all dijiin&ion between God and nature^ and turns every 
ordinary effeA into a miracle. Then again, it is not confi^ 
tent with that flow and gradual procefs in the generation of 
things., which Jhews the agent not to be omnipotent, A plant 
will advance in its growth, either more or lefs, as the feafon 
happens to favour it : and if the heat and the air be with- 
drawn from it, it will not grow at all. Is it credible, that 
: the divine power fhould be baffled and overcome by. the^t 
or any other difficulties ? Yet this, impious as it may found, 

• iVitf . //j/J. Cent; I. N». 98. 9^. . ^ . ,.^^*^ - 
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feems to be the neceflary confequence of fuppofing that 
power to adt in fuch a manner, as to fuperfede the ufc of all 
natural inftruments. 

< The falfehood of this pofition is farther evident, from 
thofe errors and accidents^ whereby the formation of things 
is frequently intcniipted. Thefe argue the agent not to be 
irrefijiible j and that nature is fuch a things as is not alto- 
gether incapable of being fometimes frujlrated and dif appoint- 
ed^ by the indifpofition of matter ^ . It is a common obfer- 
vation, that branches of trees, particularly of the afh, will 
grow out of their legitiniate fhape; and become flat or fa- 
fciated. The ingenious Mr. Hogarth has introduced the fi- 
gure of a curious (pccimen of this fort into his analyjis of 
beauty \ where even the aberration of natural caufes from 
their proper fcope, appears to be produ6tive of the greateft 
elegance, but without utility. The like will fbmetimes hap- 
pen to a ftalk of afparagusy if the foil is too ftubborn, or a 
ftone lying in the way, chances to divert the growth of it. 
And many other inftances muft occur to thofe, who employ 
themfelves in infpeding the operations of nature. 

I T is furprizing to fee, what varieties of figure, ilrufturc, 
and colour, are made to arife in vegetables, merely through 
feme change, either in the efficient caufes of vegetation, or 
the nature and difpofition of the materials they have to work 
upon. Two wild plants of the fame Ipecies (hall be found with 
leaves of very different figures, only by growing many miles 
afunder, where there is fe)me difference in the air and in the 
foil. And there are plants, which cannot be kept alive but 
in their native air, how inclement fbever it be ; of which 
we have cmic example in that large yellow violet^ {o common 

InttlURual fyftim. Book I. cap. 3. $. 4 fcc. *^ 
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upon the higheft and moil weflerly mountains of Derby- 
Jhire, 

Those who follow the method of Linnaus^ and diftin- 
guifh herbs into claiies from the various charaders in their 
organs of generation, muft have had many opportunities of 
obferving fome confufion in the number of their ftamina ; 
fo that it is fometimes diiHcult for thofe, who are novices in 
the art, to determine to which of his clafles a plant ought 
to be referred. 

B Y the arts of cultivation, common among gardeners, the 
beauty of a plant may be greatly increaled at the expence of 
its fruSiification : for the doubling of the flower obliterates 
the rudiments of the feed-veflel, and defeats one end of its 
being, by rendering the plant incapable of propagating its 
fpecies by feed. This is fometimes obferved to happen, even 
while plants are left to themfelves in their native places. To 
thefe we may add all thofe plants, which being brought into 
England from countries nearer to the fun, are never com" 
pUatly formed in this climate ; being always barren and with- 
out feed, unlefs they are aflifted with hot-beds and ftoves : 
and many there are, which even with theie helps, cannot be 
brought to any degree of perfection. 

The richnefs of the ground will very frequently occar 
flon fome unexpeded appearance in plants that are moved 
into it from a barren foU. The Herba Paris, a vegetable of 
a fingular ftrudure, (fee plate III. flg. 4.) is always found 
with four leaves, as it grows wild in the woods. And this 
form is fo general to the individuals of the fpecies, that in 
its feveral names, a particular regard is always paid to this 
quaternity of its leaves : Mori/on calls it, folano congener nm 
ramofum tetraphyllum, C. Bauhine, folanum bacciferum qua- 
drifotium : and to thofe who impofed the name Paris upon 

it. 
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ity I imagine, its four leaves regularly furrounding the ftalk, 
and the fingle round berry at the top of it, fu^efted an 
idea of Paris and the fhree goddejfesy with the apple of con- 
tention in the midft of them. Yet this herb will depart from 
its natural form, if it is removed into the richer foil of a 
garden, and heax fix leaves, inftead oi four, I have tried 
the experiment, and have fuch a fpecimen in my poilei^ 
fion. 

These things I thought it wwth the while to ipeak of, 
as io many effeds, which cannot with any fliew of realbn 
or piety be afcribed to the power of the deity immediately 
interefted. It is therefore moft agreeable to religion, reaibn, 
and experience, to conclude with Dr. Cuchoorthy that there 
are agents or inftrumcnts in the world, whofe powiers being 
only of a fubordinate kind, may by certain circumftances 
be made to vary in their effedls, fo as to go fafter or flower^ 
like a clock with different weights applied to it ; and to be 
eVen frufirated and dif appointed in their operations by the in-, 
difpofition of matter. The voifdom of God will alfo be infi- 
nitely magnified, if he is found to bring about thofe things 
by the mechanifm of fecond caufes, to which phibfophers 
have determined the divine power itlclf to be abfblutely ne- 
cef&ry. Ajld we may hence derive the only rational encou- 
ragement to a chearful and diligent fludy of nature. The 
caufes employed arie few and fimple beyond expreflion : 
their efFedls are infinitely various and wonderful ; and to 
thofe who begin upoii a right foundation, they will unfold 
themfelves every day more and, more ; nor will the labour 
of mail be loft in the purfuit, till. he has acquired as much 
knowlege of this fort as will do him any good in his prefent 
flate. 

F f In 
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In the judgment of tliat eminent experimentalifl Dr. Boer* 
haave^ ^* fo great is tlie power, fo extenfive the adion, and fb 
wonderful the manner wherein y&*^ adls ; that it was atici* 
ently h^Id and adored as the fupreme God, by a nation re- 
puted the wifeft of ail others. Thus fome of the chemids, 
having found its extraordinary force, took it for an uncreated 
being ; and many of the mod eminent among them, atdibu* 
ting all the knowlege they had acquired to this INSTRU- 
MENT, called rhemfelves philofiphers of fire '^ as think- 
ing they could not be digni^ed by an higher title. TheM 
is however nothing more wonderful in the nature di ^re, 
than that while it is the chief CAUSE and PRINaPLE 
of almoil all the efleds cognizable by our ienies, yet- it^^ 
felf is imperceptible by any leni^ ; being (o incompichen- 
fible, by leaibn of its extreme minuteneis, that- it el Q^ 
our nicefl reiearch ; fo that with many, it pafies for a 
fpirit rather than a body *." That the world fhould be fe 
full of this fluid, and we fhould be fo little fenfible of it, 18 
indeed very aflonifhing. But the wonder wholly ceafes widi> 
thoie, who argue, upon this account, tlmt (here is no fuch 
thii^ : that if there were a plenum of fubtil aether round 
about us, we ought to move with as much trouble, as if we 
were wading through an ocean of mercury. Ndw if you 
werk to tell an ignorant man, that if the greatefl diameter 
of the trunk of his body is equal to 1 5 inches, he is preffed 
downwards to the earth by a weight of mcM-e than three 
thoufand pounds; he would hardly believe you; butwoiild 
argue, that, in fuch a cafe, he ought to be crufhed to 
death ; whereas he moves eafily, and feels no impediment. 
Yet this is known to be unqueflionlably true, by th<^ who 



• Beerhaave's chemKlr}', by Shaw, Vol. i. p. 206. 
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underftand the barometer^ or have feen any experiments 
with an air-pump. And what is ft ill more furprizing, there 
is another agent, every where prefent, a column of which, 
equal only to an ordinary needle in diameter, when in 
motion tlu'ough the body, fhall make you feniible of as 
great a force, as if you had received a blow upon the arms 
with a fledge-hammer ; and the mufcles of the ftrongeft 
man in the world can do nothing againft it. How does it 
happen, that we can pafs a iingle day without being fhat- 
tered to pieces ? For if lb minute a column can exert fo 
terrible a force, what are we to expert from a column that 
has the whole body for its bafe ? The reaibn that we feel 
no harm is this ; that force is every way oppoied to force ; 
and none of it is perceived, while the equilibrium is pre- 
ferved. When that is by any means interrupted, an unex- 
pe<fted force immediately difcovers itfelf. We fhew but little 
experience of nature, and as little gratitude to the author of 
it, if we difpute againft the reality of a fubtil medium, be- 
caufe our lives are not rendered miferable by the force of it. 
For God, with equal wildom and goodnefs, hath put both 
our bodies and this matter into a mechaniled ftafie, fb that 
it ftiall do us all the good that is required, without ftanding 
in the way to do us mifchief And this matter is what Dr. 
Boerbaave meant to fpeak of under the name ^ fire. 

Th e element of air is defcribed by the fame author, as 
" an univerial, ncceflary, and moft efficacious injirumenty 
" which nature is perpetually applying in alnnoft all her 
" works*." Experiments, as he ingenuoufly confeftes, often 
led him to confider, "whether God did not originally create 
** fire, and pure elaftic air, and dijiribute them through thi 
** whole unroerfe +.'* 

* Kid. p. 381. t' /5/</. p. 420. ■ 
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To thefe authorities, let me add that of Dr. Berkeley^ 
the late excellent and univerfally-learned biftiop of Cloyne.,. 
whole opinion may be learnt from the following extradt — 
" Without inftrumental and (econd caufes, there could be no 
" regular courfe of nature ; and without a regular courfe, 
** nature could never be underftood. The order and courfe 
" of things, and the experiments we daily make, ihew there 
" is a mind that governs and aduates this mundane (yftein, 
'* as the proper real agent arid caufe ; and that the inferior 
" infirumental caufe is pure aether, fire, or the fubilance of 
" light ; than which, it doth not feem neceflary from phoe- 
" nomena, to fuppofe any medium more adive and fubtil. 
** As for attraSium., it cannot produce, and in that fenfe ac- 
" count for the phcenomena, being itfelf one of the phoeno- 
" mena produced, and to be accounted for. What is laid 
" of forces refiding in bodies, whether attracting or repel- 
" ling, is to be regarded only as a mathematical hypothcfis, 
** and not as any thing really exifting in nature *." 

The Abbe le Pluche^ whofe ingenious and (pirited wri- 
tings will give both pleafure and improvement to every rea- 
der, appears by his productions to have laid in a large flock 
of experimental knowlege, with a competent degree of {kill 
in mathematical learning. He has taken a liberty of follow- 
ing nature and obfervation, as a philofbpher at large, not 
devoted to any fed or lyftem : and his enquiries, it feems, 
have led him to this conclufion ; that " there are but three 
** known fluids in nature, which by their continual adivity 
" are the frincipks of all motion ; and thefe are, lights fire^ 
<* and air *!■.*' How precifely does this pafTage coincide with 



• Siris. Art. 1 60. 154. 243. 234. 

t S^lfttU dt la Nat. V9I. 4. Difc. la. p. 1 19. of die EngUflt tranflation. 
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the judgment of antiquity ! The principle that was main* 
tained as the fundamental truth in phyfics, above two thou- 
land years ago, by Zoroajier and Plato ^ difcovers itfclf again, 
at this diftance of time, to a naturalift who enquires in a 
proper manner. T'his coincidence would have happened 
oftener than it has, if philofophers had conduced themfelves 
as the fcholars of nature, and not as its mafters. For nature 
is the lame now, as it was then ; and experiment, duly con- 
fulted, would fpeak the fame language in all ages. The fault 
is in men; who by affeding to furprize the world with 
building things high and marvellous after a model of their 
own framing, fall into confulion and lelf-contradidion ; 
while they overlook what is truly valuable, becaufe it is 
cheap, and common, and hath not an air of myftery and 
darknefs fcientific. 

The conclulion of this celebrated author might, I thinks 
be deduced from premiles very plain and obvious without 
any afliftance from Algebra^ Geometry^ Greeks Latin^ or He- 
brew. For what fcholarlhip doth it require, to be able to 
diftinguilli, that light gives light to the eyes ? that air is the 
breath of life ? and that without fire or heat appHed in its 
proper degree, the blood is congealed, and the limbs are in- 
flexible ? All this is evident to the moft undifciplined ap- 
prehenlion : for a man is no Iboner born into the world, 
than he makes moft of the experiments requifite for the ob- 
taining of this knowlege ; and he may challenge the moft 
fubtle philolbpher, to name that fubftance or fluid in the 
whole univerfe, wliich can fupply the place of any one of 
thefe. What then can be plainer, than that thefe, as the 
Abbe le Plucke hath rightly affirmed, are the phylical frin-- 
ciples of all motion f And where can the naturalift employ 
his labour to fo much advantage, as in deriving efleds from 

thefe 



2SO THE JUDGMENT OF ANTIQUITY &c. 

thefe caufcs ? For although they are obvious to the vulgar 
ifl many of their operations, the moft able dlfquiiitor might 
purfue them for a tboufand years, and find after aU> that he 
had left a great deal of matter untouched. 

The phcenomena of /ig&t were cultivated witb equal in- 
duftry and &gacity by Sir Ifaac Newton : and what a {bene 
does this fluid fumifh out to a contemplative mind, by the 
glorious variety of its colours, the amazing velocity of its 
motion, its reflexions, refractions, and the inconceivable 
fubtilty of its lubftance I After it had been examined and 
re-examined by this great geometridaa for many years : and 
after the i^culum of Villette had fuiprized the world, with, 
die efFe6U of the fblar rays upon bodies cxpofed to the focal 
beat of it \ eleBricity broke in upon us, as it were by acci-^ 
dent ; began a new epocha of philoibphy, and difcovered 
light to be a mofl powerful and univerfal caufe of motion, 
with which the whole world is filled ; opening to us a irefh 
ftorehoufe c^ elfedls, as inexhauftible as the fdence of optics. 

Many efledh of the air are fb common, and withal £> 
very important, . as to be taken notice of by every writer oa 
natural philofbphy. It is plainly acknowleged as a material 
caufe of motion, by thoib who imagine they get rid of fucb 
things, if they can but exclude the air irom a glafs receiver. 
Many things curious and furprifing txx:mTed to Dr. Halesj 
when he undertook to analyze this element ; and he di£x>- 
vered, what others appear to have known many ages before, 
that it makes a part in the compofition of all bodies ; which 
derive their activity from this fubflance, So ardncially com- 
bined with them for that purpofe. 

With the wonders that prefent themfdves to us in a 

natural hiftory of Jirey any reader may become acquainted, 

by peruiing Dr. Bverbaavez iiBcomparable difcourfe upon 
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that fubjedi. The feries of well-chofen experiments there 
laid down,, will open to him many of the powers and ufes 
of that element, both in nature and art, and juftify the 
higheft expreflions ufed by that learned' chemift in the praife 
of it., 

O F thefe principles much is already known ; more than 
enough to reward the labour that is fpent in (earching after 
it. That much more yet remains to be known, I am in- 
duced to believe upon many confkierations ; and upon this 
amongft the reft : that fome eminent men of late years, 
who have been beft qualified to make difoDverics and im- 
provements, have been unhappily pre-^^ng^ed to fchemes 
of another kind ; and inftead of cultivacing the knowlegs 
of thefe fluids, as the natural principles of motion, which 
is the light wherein they ought to be underilood, have re- 
garded all material inftruments as the common enemy, be- 
caufe hurtful and deftruAive to their iyftematical vacuum : 
and if any fuch thing has difcovered itfelf to them in their 
refearches, it has either been ftrangled in the birth, or re- 
prefented as an underling to the old ghoftly principles of «/- 
tra&ion and repulfe^y which have no meaning in themfelveS) 
and do effectually fliut the door againft all farther advance- 
ment. If I wifli that thofe who .are fond of natural philo- 
fophy may fhake off thefe prejudices, it is only with this 
view — that their labours in that delightful ftudy, may be 
attended with more pleafure to themfelves, and profit to the 
publick. 
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C H A P. VI. 

Tie judgment of the holy fcripture concerning the Jyftem of 
Nature, 

TH £ mind of th^t man, who conceives fb falfely of 
the divine oracles, as to believe that they maintain 
any oppofition to true and ufeful learning, hath been de* 
bauched by fbme fophiftical reafbnings, or debafed by grove- 
ling and unworthy purfuits. They arm us indeed againft 
vain philoibphy, and all the empty fidions of the human 
imagination, which bring forth neither pleafure nor profit 
to thofe who are occupied therein. But then they invite us, 
in the fublimeft ftrains, to confider the works of God, whole 
counlels and perfections, as they are di(played in the crea- 
tures, will evef be beft underftood by thole who ftudy 
them with huniility and attention. Learning and philofbphy 
did never Ihine more bright, than when they met together 
with faith and religion in the mind of the excellent Lord 
Bacon * j whofe opinion it was, that the wonderful works 
of God do minifler a fingular help and prefervatpve againfi 
unbelief and error. If there are any philofgphers {o void of 
underllanding, as to regard the fcicnce of nature, only as a 
tower of ftate for a proud mind to raife itfelf upon ; and to 
efteem themfelves as licentiates in incredulity, becaufe they 

• If the reader defircs to have a tafte of the Lord Bacon's character, from fome piece, 
wherein the chr'tjl'tan and the phihfopher are united ; I would recommend his nnu atlantis ; 
a diJcourfe, which feems to have given the firft hint for the ellabliibing of philofophical 
academies in Europe, fuch as is the royal ficiety of London., &c. 
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make fome figure in philofbphy ; it may poflibly do them 
good to look back upon the example of this great man, 
who preferved a mind untainted with the pride of herefy or 
infidelity ; and was not more to be admired for his extenfive 
learning and experience of nature, than for his theological 
Ikill, and penetration into the wildom of the facred wri- 
tings. " Two books or volumes of ftudy (faith he) are laid 
"before us, if we will be fecured from error: firft, the 
" fcriptures, revealing the will of God ; and then the crea- 
" tures exprefiing his power, whereof the latter is a key un- 
** to the former */' Thefe two volumes being io nearly re- 
lated, I fhall conclude this treatife with a fhort and humble 
enquiry into the judgment of the holy fcripture ; which the 
all-wife author of it hath (o adapted to the exigences of 
man in his prefent ftate, that the information it occafionally 
gives us, concerning . the vifible works of God, will warm 
and improve the hearts of the moft fimple, while it con- 
veys light alfo to the underftandings of thie mod learned. 

I . I N the firfl place then we are taught, that the lame 
God, who created the world in wifdom, upholds f it in 
mercy ; that in him we live and move and have our being. 
If the fun gives us light and warmth, it is Ats/un, which he 
mahth to rife on the evil ahd on the good. If (he clouds 
pour down their water upon our fields, to nourifh and bring 
forward the firuits of the earth ; it is he xhzlfendeth rain on 
the juft and on the imjuft %• To him, therefore, the blefs- 
ings that are dii^)enfed to us, in the ordinary courie of na- 
ture, are to be devoutly afcribed, as to the primary fource 
c^ all life and motion. And this conclufion will be equally 

• Jdv. of learn. B. I- f Hebr. 1.3. 

X Mat, 5. 45.* 
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true, whether God is fuppofed to diftribute the benefits of 
nature from his own hand irnmediately, or by the media- 
tion of Ibme fecondary caufcs of his own appointing ; for, 
either way, the real government of the whole can terminate 
only in himfelf. 

2. Some will difpute againft the operation of fecond 
caufes, as thinking it to derogate from the power of God, 
that he ftiould Jiand in need of their afft/iance. But they 
fhould remember, that God did not make the world becau^ 
he himfelf flood in need of any thing : it was for his own 
good pleafure, and the benefit of his creatures : and with 
the fame views he eilablifhed the operations of fecond caufes ; 
he confulted our wants in this matter, and not his own. 
For man is a compounded being, made up of different 
parts, that claim a kindred with two different worlds, the 
vifible, and the invifible. The part in him, which is na- 
tural or bodily, mufl be fupported by natural powers : the 
fuperior or fpiritual part, by God who is afpirity and whofe 
powers alone can poflibly extend to the wants of it. When 
nature fhall fink, and the fpiritual world open upon us, God 
himfelf will then take the place of all inferior caufes * ; and 
even under the prefcnt flate of things, a fpiritual interpofi- 
tion is not wanting in the chrijiian difpenfation : but then 
it is calculated for the benefit of man's fpirit\ while his 
body is flill left to the ways of nature. To mifreprefent the 
divine power and eflencc as a phyfical agent, is to confound 
the two kingdoms of nature and grace ; which, as two pa- 
rallel lines, follow a like courfe, but can never be made to 
touch ; and to lofe fight of that great and beautiful diflinc- 
tion, an adequate underflanding of which, in all its branches, 
would be the confummation of human knowlege. 

• See Rev. 21. 23. 
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3 . The government of nature then, by fecond caufes, 
is moft fuitable to the real fitnefs of things. It is the courfe 
God hath thought proper to fix upon, as ferving bcft to his 
own glory and our good. Experience fhews it ; antiquity 
confirms it; and the fcripture alfo, without condefcending 
to treat of it minutely as of a fcience, hath declared it in 
fuch language, as cannot be made to fpeak any other fenfe 
without art or violence. That this matter may be brought 
to a fhoit iffue, it will be proper to have in view thofe quef- 
tions above-mentioned J, by means of which I kept myfelf 
within a tolerable compals, when I collected the do(5i:rine of 
profane antiquity. And firft, let us aflc with all fubmiflion, 
whether the world, according to the facred account, is full 
or empty of matter, 

4. We have learnt from Pliny ^ that it was a cuftom with 
the ancients, to give the name of heaven to the elements 
that fill the heaven — Caelum appellavere major es, quod alio 
nomine^ aera : and again, quid ejfe mirabilius potefi aquis in 
ccelo fiantihus f meaning the clouds fupported by the air *, 
Cicero has a like obfervation concerning the element of fire — 
Ardor coekfiis^ qui sether, vel ccelum nominatur +. Who then 
will be furprized, if the (cripture, the undoubted Iburce and 
original of the heathen cofmogonies, and the moft ancient 
book in the world, fliould be found to fpeak in the ftyle of 
antiquity ? And certain it is, that by the word firmament^ 
which occurs fo frequently, and by the heavens^ when that 
word is (jx)ken in a phyfical fenfe, thofe elements are to be 
underftood, which are diftributed throughout" the heavens. 
For the heavens are hiftorically treated of as a part of the 
works of God j and it would be repugnant to truth, that 



• Lib. 31. c. 1. 

f Cic. dc Nat. Deor. lib. 2. c. 15. 
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what is nothing in itfelf but empty fpace, fhould be declared 
to have been made and finijhed *. It may indeed be objed- 
ed, that by heaven is meant the vifible furniture of the hea- 
ven, the orbs of the fun, mocMi, and flars : but this could 
never be the defign of the hiftory, becaufe the hojl of heaven 
is mentioned apart, and diftinguiOied from the heaven it- 
felf. 

5. From the new teftament we learn — that the heavens 
being on fire jhall be diffolved^ and the elements Jball melt 
with fervent heat -f. Whence it follows, firft, that the hea- 
vens are material ; they could not other wife \x. kx. on fire. 
Secondly, that they confift of elements capable of a diffolution ; 
for the terreftrial elements are not here to be underftood, 
the earth alfo^ and the works that are therein^ being, men- 
tioned immediately after. And thirdly, that the coriiflagra- 
tion of the great day fhall be Iwrought on, by a total con- 
vcrfion of the aetherial matter into a devouring fire : a tra- 
dition of which went abroad into the world very early. It 
was taken up as a. main article of philolbphy \>y the Stoicks ; 
and feems not to be improbable in the eye (x reafbn, as it 
pai^Gbd for the greatefi of miracles with an heathen J, that 
this univerfal conflagration had Hot happened already ; con- 
sidering how abundantly nature is furniOied with the mate- 
rials for fucht a cataftrophe. 

6. Th I s fubflantiality of the heavens is farther confirm- 
ed, from the ufe and meaning of the word firmament y 
which is fynonymous with that df heaven. There is indeed 
a vulgar dodrihe, fuch as might accord well with the genius 
of monkifh expofitors in the dark ages, when the fblid 
orbs of Ariflotle were in faihion, that the firmamtnty fpoken 

* Gen. 2. 1.4. t aPrf. 3. 12. 

X See p. 2J3. 
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of in the fcripture, fignifies a kind of folid arch, or enclo- 
fure of the world, like a deling ; in which the flars are: 
placed, as fo many brafs nails, ftuck upon the inner furface 
of an hollow fphere. The futility and faKehood of which 
will appear from the application of this term. For the fun, 
moon, and ftart, are ^d to have been fet in the firma^ 
ment : and no fyftem did ever yet ailign the fame fphere to 
all thefe bodies, becaufe our fenfes mud aflure us of the 
contrary. What can follow then, but that the firmament 
is a medium, extended from the region of the fixt ilars, to 
the places of the fun and moon ? It is farther faid, that 
faw/sy called in other places of the fcripture the fowls of tbi 
airy and the fowJs of heaven (which expreflions being com- 
pared, will {hew us, by the way, that the heaven and the 
air are one thing in the language of the fcripture ) fly ^ or 
upon this firmament *. Therefore, it is extended all the 
way from the earth, through the regions of the atmofphere, 
in which the fowls fly, to the fan and moon, and from 
thence to the fixt ftars and beyond. The margin of our 
Englijh verfion has the word expanfon inilead oli firmament ; 
by which, as the mofl rational expofitors agree, the ex- 
panded atbeTy or diffufed body of the ajr is to be nnderflood. 
And it was well obferved by Grotius^ that the Chaidee pa* 
raphrafl upon thofe words of the 19"" Pfalm — the firma" 
ment Jheweth his handy work — gives this interpretation -^ 
they who confder the air, will tell of the handy work of God. 
It is farther remarkable, that Plato ufes the Greek word Tcuns 
in the fame fenfc ; of which Serranus obfcrves — quod qui^ 
dent vocahulum aeris natura fgnificanda accommodatum efi -f, 
Thefe fhort hints are fufHcient to prove, that a vacuum in 

• Gen. I. 20. 

t See his preface tOkthe Titnaus. Vol. 3. p. 1 1. 

the 
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the heavens is not more oppofite to nature and experiment, 
than to the mod fimple declarations of the old and new 
teftaments. It may occur as a collateral argument, to thole 
who ftudy the oriental languages, that the bible has no word 
in the original to denote fpace^ as diftinft from body ; hav- 
ing exprefled it by the word that fignifies air *. 

7. But we are now to afk another queflion; whether ' 
God, in his government of the natural world, a6ts by his 
immediate power ^ or makes ufe of matter as his injlrument f 
The anfwer, I ihould think, might follow naturally as an 
inference from what we have heard already. For if the 
heavens confift of expanded ather, this fubflance muft either 
flop the motion of the heavenly bodies, as the mathemati- 
cians, if we will underfland the thing in their way, have 
very well demonftrated j or be inilrumental to the conferva- 
tion of it. And as the former part of this alternative is falle 
by obfervation ; the latter part of it muft be true ; whether 
we are able or not to inveftigate and aflign fuch a mode of 
operation to the matter of the heavens, as fhall ftand the 
teft of a levere examination. 

8. That matter is injirumental in the hands of God, 
for the bringing to pais his purpofes in nature, is at leaft to 
be fulpedled, from what happened in the beginning of the 
creation. It could not be without fome good and fufficient 
realbn, that morion was Jirji imprefled upon the celeftial 
elements of light and air. If thefe were to be inftrumental 
in the formation of other things, as experiment fhews them 
to be now, the reafon is plain in itfelf, and worthy of an 
infpired hiftorian. And then, even the order and procefs, 
that is obferved in the facred hiftory of the creation, will 

• Gen. 32. 16. 

fuggeft 
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fuggeft to us, what may be gathered in a more diredl man- 
ner from fbme other places of the fcripture. For there are 
expreflions, which allude to and acknowlege an efficacy of 
the heavens, upon inferior things. The powers of the hea- 
ven, which are to be JJoaken * in the laft day, muft fignify 
thofe natural powers, or material forces of the heavens, by 
which the vifible world is now fiipported and moved in a 
regular manner, according to the laws of nature ; and not 
any invifible powers of the world to come ; becaufe they are 
mentioned with the fun, moon, and ftars, the other mem- 
bers of created nature. There was, it feems, a fit occafion 
to make an exhibition of thefe natural powers, when the 
apoftles were to be indued with imi^T^Ac power from on -high 
upon the day of pentecoft : that power having been com- 
municated under the external figns of a mighty wind and 
flames of fire; to which two elements, men of all ages and 
nations, as it were with one voice, have afcribed the powers 
of moving and governing the natural world. And if they 
were right in this, it is npt fhrange, that thefe fhould have 
been fixed upon, as the fi'tteft and moft inftru6tive emblems 
of invifible power. In the book of yoh^ which, to fuch a 
reader as the Lord Bacon, appeared pregnant and fwelling 
with natural philofophy "f*, the heavens are affirmed by plain 
inference, to have a dominion in the earth %. A queftion is 
put to yob by the maker of the world, whether he was able 
to fix this dominion by any power or wifdom of his own ; 
which does necefiarily imply, that fiich a dominion is really 
fixed by the power and wifdom of God. Loofe-thinking 
and ignorant readers of fcripture may defpife the philofbphy 
of the pafiages I have hitherto mentioned : but thofe who 

• Malt. 24. 29. t ^^- rf ttarn. B. i. 

t Job- 38. 33- 

examine 
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examine the works of God without prepoflefllon, will foon 
difcover by experience, that although they are very lliort, 
they contain the feeds of much knowlege ; the moft obvious 
ienfe that can be gathered from them, being fuch as a^ees 
beft with all the experiments we are able to make. 

9. That matter is employed as an inftrument in the 
hands of God, is farther evident, in that he made. a mift or 
exhalation to arife from the earth, for the growth of vege- 
tables, even at their firft formation *. When the waters of 
,the flood were to be carried off, he made a wind to pafs 
over the earth +. When the plagues of Egypt were inflid- , 
ed, a wind brought the locufts; and another wind drove 
them away %. When the Red Sea was divided, the waters 
were made to go back by a ftrong eafi windy which parted 
the waves, and laid the bottom dry, for the paf&ge of the 
Ifraelites **. But thefe, it may be laid, were extraordinary 
occafions : and I am not unmindful of it ; as they are lo 
much the more to my purpofe on that very account : for 
thence it appears, that even upon fuch occaiionS) where the 
cafe will admit of it, God prefers the method . of bringing 
his purpofes to pafs by natural means : after which, it would 
furely be unreafonable and abfurd, to deny the uie of fuch 
means in the ordinary courfe of nature. And the fcripture 
itfelf will agree with us in this concluflon. Fpr when the 
fun is laid to RULE over the day, and to have been made 
for this end, what can we underftand by it, but that he a^s 
as a vicegerent ; and is invefled with a mechanical power 
of giving light, life, and motion, to fuch objeds as arc or- 
dained to receive his impreflions ? All nature revives, and 
puts on a new face, when he approaches nearer to us in 

• Gen. 2. 6. + lb. ch. 8. i. J Exod. 10. v. 13. 19. 

•* Ibid. 14. 21. 
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the fpring ; and finks into a temporary death, at his depar- 
ture from us in the winter. That he a6ts in a mechanical 
manner, is aifb certain; becaufe a chain of matter is conti- 
nued all the way from the agent to the obje<St. His power 
confrfts not in any immaterial quality, becaufe it obferves 
the fame geometrical law with the diiSufion of his light; 
and his efficacy upon the produdions of the earth is great- 
eft, when the greateft angle is formed between the horizon 
and his rays ; though the (olid fubftance of his body is then 
moft remote from us, as the aftronomers very well know. 
A good telefcope will (hew us, what changes are produced 
in the rcfra<9:ion of the atmofphere, and what a tumult 
arifes in the air from the agitation of the fun-beams in the 
heat of the noon-day. The heaven feems tranfparent and 
undifturbed to the naked eye ; while a ftorm is raifed in the 
air by the impulfes of the light, not unlike what is raifed 
in the waters of the fea, by the impetuofity of the wind. 
It increaies with the altitude of the fun ; and when the even- 
ing comes on, it fubfides almofl into a calm. A fight this, 
both edifying and inftrudive ; and fuch as we ought not to 
behold, without calling to mind thofe words of the devout 
fbn d Sirach —r- 7%e fun when it appear eth^ declaretb at his 
rijing a marvelious IN ST RU M EN% the work of the 
MofiHigh*! 

I o. C A N it be thought now, that God perfontis thofe 
things by immediate power, which, as we can fee and feel, 
do follow the eourfe of the fun, and are performed by his 
mediation ? Philofbphers ^ho contend (o eagerly for the 
immediate influence of a divine power in nature, fhoiild 
blot this luminary out of the heavens ; and their arguments 

• Etclttf. 43. 2. 

H h would 
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vfQuld have a little more weight, God hath rcfcrvcd to him^ 
felf an office more fuitable to Jiis nature, than the office 
they have thought proper to affign him ; even that of gi^iog 
life, light, aod knowlege to the mind or fpirit of man. As 
to the light of the body, that and all the wohdeiiul effisds 
of it, are plainly adminiftred to us by the fun, as by an en* 
^ne or minifter fubfervient to the purpofes of its creator. 
But fome there are, fo unhappy as to miflake the ceconqmy 
of God, both in the natural and moral wprld. If you 
will take their .jjudgment, God, as a natural rtler, is to have 
ihe xaSk of moving thofe portions of matter, whidi are 
moved and ruled by the fun, the work of his hands : while 
man is to affiime the office of the father of fpirit s^ and ad- 
minifler light to his own underfiatding^ la religiony which 
is the provmce of the Deity, and where there is a dignus 
vindice nodus y all is to be natural \ but in nature, all effi^ 
are to be miraculous ! Thus wretchedly will men reafbn, 
when they think philofbphy hath advanced them into a 
iphere, fuperior to the un-philofc^ihizing fimplicky and truth 
of divine revelation. 

II. That we may learn, once for all, vrhax fpecies of 
folution is authorized by the fcripture ; it will be beft to fix 
upon ibme particular inflance : and diere is none more pro> 
per than that of vegetation. The earth is faid to bring forth 
grafs : this is the effeB. The firft caufe of it, is the power 
of God, to whom all things owe their being, and by whom 
all things confift : for he casifoth the grafs to grow for the 
cattle and herb for the fervice of man *. But then it is alfo 
feid, that the tender grafs fprsngeth out of the earthy by 
clear Jhining after rain f. Therefore God is the primiry 

* Pfid. 104. 14. t 2 Sam. 23. 24. 

caufe ; 



ON THE SYSTEM OF NATURE. 243 

caufe ; the fun is ^e inftrumental cauie ; while the earth, 
feftened and diflblved by the drops of rain, Aipplies the ma- 
terials. This account, plain and fimple as it is, gives us the 
out-lines of all that can be ^d upon the fubjeS;, and guards 
us againft erery fundamental error. It condemns the im- 
piety of the heathen idolater, by referring the whole glory 
of the work to a power (uperior to matter : corre<^s the wdl- 
meaning ignorance of the philofbpher, who would confute 
atheifts, by evacuating the world of fecond caufes : and 
leaves us in poflefCon of that ancient and valuable dodrine, 
that fbme of the elements are appointed to rule over, and 
give motion to the reft. 



THE end: 
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OF THE FOREGOING WORK. 



On Book I. Chap. III. 

PAGE 28. line ii &c. To underftand the objedion 
which the author endeavours to obyiate ui this place, 
it is neceflary to have fbme little knowlege of the 
theory of falling bodies. For the iake, therefore, of fuch rea- 
ders as have not confidered this fubje<^, and to iave them 
the trouble of having recourfe to other books, I (hall here 
fubjoin an account of it, and try to make it eafy to thofe, 
who have never accuflomed theinfelves to mathematical rea- 
fonings. 

In the right-angled triangle a 8 c, {plate IL fig. V. pag. 1 1 1 .) 
the angle cab, which opens wider by equal degrees, from the 
point A towards b c the bafeof the triangle, expreiles atiUH 
tion uniformly accelen^ted. The leg a b exprefles the time in 

which 



•v* 



246 POSTSCRIPT. 

which this acceleration happ^ ; and this time is divided 
into three equal parts or moments, as a i, 12, 2 b. The 
fmall lines in the triangle a i >^, repeated at equal intervals, 
and increafiag in length by equal degrees, denote equal ac- 
celerations of the velocity from the inftant in which a body 
begins to fall : and the fmall equal lines in the fquare i uty 
denote an equal velocity during the time expreiled by the 
fide I 2. 

Th Es E things being fird confidered, if we now attend 
to the figure^ it will opien to us all the coniequences of theic 
portions. 

I. 

*_ The line i k will exprefs the velocity acquired by a falling 
body at the end of the firjl moment of time, • The line 2 / 
will exprefs the velocity acquired at the end of the fecond 
moment ; and b c the velocity at the end of the third. 

II. 

1 

I F die body, durbg the fecond ittoiHtnt of tifxi^j fheruld 
t«xain the velocity i k which it had acquired dt the end Of 
the 9a% the fquare furface \ 2 mk will be defctibed ; (fA 
this furfice is generated by a contimiai repe^tioB^ ot^ Iikh 
tion, of the line t k during the time i 2 ; as the area cX 
the triangle a i k is aUb deicribed by an tmi^mly-incxea(^ 
ing velocity dtiring the time, a i . But the area ef the (quare 
is manifeftly double to the area of the triangle. WhcDce it 
appears, that a body moving o&, donng a fec^Hid moment, 
with the velocity acquu-ed ftt the end «f the firft, wilt M 
twke Of fat in the fecond moment m in the fiift. And the 
fame wiU be true HniverMy^ that ^e velocity acquired at 

the 
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the end of aoy given time, will carry the bod/ t\fice as iaf 
in the iame time. 

III. 

But if the velocity continues to increafe uniformly du- 
ring the fecond moment, then the fpace defcribed will be 
as I 2 / i, which is thrice as great as the triangle a i ^ 

IV. 

The whole fpace defcribed by the body in the two firft 
moments, will be as the area a 2 /, which is equal to four 
times the area a i ^ ; whence it follows, that the -^^ace de> 
£:ribed by the body in its fall, is as ^he fquar* cf tie time 
in which it falls ; for here the time is 2, and the fquar-e of 
it is 4. 

V. 

I N the third moment^ were the body to fall with the ve- 
locity 2 /, during the time 2 b, the fpace defcribed will be 
as the c^^angle under the time and the velocity, that is, as 
the re£):angu]ar fpace 2 b » /, -equal to four tin^s a i k. 
But as the velocity is ftill uniformly increafing, the fpace 
will be as the area 2 b c /, five times as great as a 1 ^ And 
thus will the rediangle under the time aiid the velocity be 
always increafed by unity, 

VI. 

A s the triangles a i i, a 2 /, a 1 c, are all fimilar^ orj 
fuchas have all their three «a^«& refpeBi%feiy equal to one 
another^ then as a 2 is. the double <af a i, 2/ will be the 

double 
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double of I i ; and as a 2 expreiles the time, and 2 / the 
velocity J where the time is double, the velocity is double &c. 
Therefore the velocity is as the time, 

VII. 

I F the (paces defcribed in each moment be oonfideredy^ 
parately^ then the (pace in the firft moment will be as i, in 
the fecond as 3, in the third as 5, in the fourth as 7, and 
fo on in an arithmetical progrcflion^ the common difference 
being 2. 

' I F we would apply this theory to fraSiicey it is firft to 
be learnt, that in one fecond of time bodies are found to 
fall 15 Paris-kct and i inch, that is 16 feet, and fbme- 
thing more, of Englijb meafure ; but we fhall negle<Sk this 
fmall quantity, and fuppofe the whole (pace to be 16 feet 
in a round number. This hath been diicovered with fufE- 
cient exadlnefs from the motion of pendulum ^ between which, 
and the redlilinear defcent of heavy bodies, there is fb clofe a 
connexion, that neither of thefe can be underftood indepen- 
dent of the other. It being allowed then, that the fpace fallen 
through by a body in the firft moment of time, is 1 6 feet ; 
it follows from N*. IV. of the theory, that at the end of 
the fecond moment, it will have fallen 16x4=64: at the 
end of the third moment 16 x 9= 144 : at the end of the 
fourth 16x16=256 &c. All thefe fpaces being as the 
fquares of the times. 

Hence, if the fpace be given, through which a body is 
to fall, we may colled the time wherein it will finifti its 
defcent. For let the number of feet in liich a fpace be di- 
vided by 16 ; then will the fquare root of the quotient ex-*^ 
prefs the dme fought, mfeconds and parts of a fecond. Thus 

if 
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if the fpace be 144 feet, 144-r 16=9, of which the root 
is 3. And the converfe of this will be equally true ; for if 
the time be given, the (pace through which the body hath 
defccnded, may be found from it. If we fhould defire to 
learn the depth of a well, from the furface of the earth to 
the furface of the water, let a bullet of lead be dropt into 
it, and let us fuppofe this bullet to ftrike the water in 5 
feconds. The fquarc of 5 is 25, which being multiplied 
into 16 feet, the produA will be 400 feet, equal to the depth 
of the well. 

Thus again, were we to fee a mais of burning matter, 
or a large red-hot frone, fhot upwards from the mouth of a 
volcano, and could obferve accurately that the whole time 
of its flight in the air amounted to (as we will fuppofe) 30 
feconds ; we may thence coUedl the height to which it arofe. 
For a projeded body will both rife and fall in the fame 
time ; therefore we are to take half the time above-men- 
tioned, or 15 feconds: then it will be 15X15X16 = 
3600 feet, or 1200 yards, which is not far fhort of | of a 
mile. 

But we are to obferve, that in the application of this 
theory, two things are taken for granted, before we arrive 
at any one of thefe conclufions. Firfl, that the theory itfelf 
is true in pradice to a mathematical exadnefs. That it is 
very nearly fo, may be fairly concluded from the experi- 
ments which have been made; but nothing more can be 
concluded with abfolute certainty. Secondly, that the mo- 
tion is performed without any impediment ; in other words, 
that it is performed in vacuo, or in a medium that gives 
no refiflance j which is falfe in fad : no experiments of any 
confiderable compafs having been made, or being pofllble 
to be made, without a great degree of interruption from 

I i the 
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the refiftance of air. Upon this account, the well, whereof 
you are finding the depth, will not be fo deep as may be 
imagined by feveral feet ; nor will the (lone, proje£led from 
the volcano, rife near fo high as we have already concluded. 
This refiftance of the air will be different at different fea- 
fbns: and to find the abfolute quantity of it at any time, 
and in any particular experiment, is a {problem fo difficult 
and complicated, as hardly to admit c^ an adequate fblu- 
tion. 

I N the experiments made by Mr. Hawkfbee^ of whidi we 
have an account in his phyjicc-^nechamcal experiments p. 278, 
and in Sir Ifaac Newton s principia^ lib. 2. prop. 40, fome 
glafs balls, filled with quickfilver, were obferved to fall 220 
feet in 4 fecotids of time. By the tiieory, they fhould have 
fallen 256 feet : therefore, the refiftance of the air, added to 
fome error in the performance, diminifhed the fpace by about | 
of the whole. Some other experiments made by )>. Defa-- 
guiiers with Imlls of lead (fee pJ!>i/o/. tranfaB. N* 362. p» 
(071) and executed with a better addrefs than thefe of Mr. 
Hawkjbee, came nearer to the theory. But let us confider 
that when theie balls touched the ground, fuppofing them 
to have defcended through a fpace of 256 feet, they moved 
only at tlie rate of 1 2 8 feet in a fecond : and what is this 
to the velocity of light ? which according to <hc ufual com- 
putation, moves above a million of times fwifter than a 
cannon-bullet. Should this fluid be the natural caufe <^ 
gravity, and fhould the fpaces defcribed be Ids than the 
thecH'y requh'cs, on account of a nearer approach in the ve- 
locity of the body to the velocity c^ the fluid that moves 
the body, fuch a difcovery is far beyond the reach ai all hu- 
man experiments. 

If 
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I F what hath been here (aid, fhould tempt an inquifitive 
reader to iearch farther and deeper into the application of 
this theory of falling bodies to the motion of pendulums, 
the flight of bombs and other projedliles ; he may find la- 
tisfa&ion by perufing part I. c. 6 &c. of Mr. Rruoningz 
fyftem of natural ,philofophy — S' Gravefande^ elements of 
nat. phil. by Defaguliers b. I. c. 19 & 24 — Mr. Maclau- 
rins account of Sir Ifaac Newtops difcoveries b. II. c. 5. 
Or fee Dr. KeiP^ introd. to nat. philof. le&, 15 and 16; 
than which there is nothing more exa6b and compleat upon 
the fubjed;. 



On Chapter IV. 

Page 34. 1. 28 &c. In order to prove by fbme eafy ex- 
periment, that the refiftance which a body gives to any force 
that is applied to put it in motion, is juji fo much as ought 
to proceed from the aSiion of gravity upon />, and no more ; 
I confidered, that if the refiftance in the ball of a fimple 
pendulum fhould proceed wholly from its gravity ; then the 
lame force ought to move it more eafily through a feg- 
ment of a greater circle, than through a fegment of a 
lefler. 

Having put together an extempore apparatus^ I took 
two balls of lead, the greater of which weighed one pound 
and an half, the lefier one quarter of a pound. Thefe were 
fuipended by lines, io that the centre of each ball, being at 
equal heights, was 2 8 inches below the points of fufpenfion. 
A graduated fcale being fixed parallel to the plane of their 
intended motion, I drew the lefier ball afide to 24 divifions 
from the perpendicular, and having let it fall againft the 

I i 2 greater, 
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greater, perceived that the ftroke of it occafioned the greater 
ball to move over 4 divifions and | from the perpendicular. 
Then I fufpended the greater ball from a point 7 feet and 
8 inches above its centre ; and letting go the ieflcr ball from 
the fame diftance as before, found that the application of 
the fame force did now occafiofi the greater ball to move 
over 9 divifions and |, very nearly. Therefore in this latter 
trial, where the diftance of the heavier ball from the point 
of fufpenfion is almoft quadruple of what it was before, the 
rcfiftance becomes lefler than before by about one half. 

Th e times of the vibrations of different pendulums being 
in the fubduplicate ratio of their lengths, their velocities com- 
pared with each other will be inverfely as the fquare roots 
of their lengths ; that is, if the length of the greater pen- 
dulum be quadruple, and its time of vibration double, its 
velocity in a (imilar arch will be \ the velocity of the lefler 
pendulum. In this experiment then, the refiftance is leflbned 
in the fame proportion with the velocity : but the velocity 
is deducible only from the adive force of gravity ; therefore, 
the refiftance muft be owing to the fame force. For if the 
refiftance here found be fuch as ought to flow naturally 
from the gravity of the body, and no other refiftance is to 
be difcovered ; muft it not follow, that what has been called 
a vts inertite is but the fame thing with the force of gravity ? 
If not, how arc they to be diftinguiftied in this experi- 
ment ? 

That the refiftances above-mentioned do not exaAly 
coincide with the inverfe ratio of the fquare roots of the 
lengths, which are 5, 29 and 10, 20, but deviate from 
it a little, may be imputed to fome fmall degree of elafti- 
city in the leaden balls. However, this error, fb far as it 
may concern my argument, is on the right fide. 

From 
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From what hath been faid there arifes this corollary—; 
that the rejtftance of any folid pendulous body may be Jo dif 
ntinijhedy as to be lefs than any afftgnable quantity : or, thai 
a bodyy how large foever^ may be moved out of its place by 
a force how fmall foever. 1 mention this as a matter of cu- 
riofity, though I cannot but regard as trifling all mathema- 
tical conclufions which are remote from fad and the com- 
'* mon courfe of things. 

I N defining the vis inertia^ Sir Ifaac hath obferved, that 
a body exerts phis force^ only when it is made to change its 
Jiate byfome force impreffed upon it. But certainly the force 
that keeps a body in its ftate, and the force that refifts a 
change of that ftate, mufl be the fame thing : fo that in 
our experiment, the ball is either brought down to the low-? 
eft point of the circle, and kept at reft there, by the vis 
inertiee, which is falfe ; Or the force of gravity which brings 
it to the loweft point, and would keep it there at reft, muft 
be the force that oppojfes us when we oblige it to change its 
ftate. This objedion to th& vis inertia is ib plain and por 
fitive, and experiment does fo mantfeftly confirm it, that I 
confefs I know not how to get over it, and cannot but wifti 
to fee this principle either wholly difcarded from natural 
philoibphy, where it feems to have. done no good ; or better 
diftinguiihed than it hath hitherto been. 

A s I never think it my intereft to flifle any part of the 
evidence belonging to a fubjedl, I would inform the reader, 
if he does not know it already, that the ^bbe Nollet ( fee 
vol. I. p. 135 of the Englifh tranftation of his leBuresJ pro- 
pofes an experiment, to prove that the force of inactivity 
and the force of gravity are not the fame thing in bodies. 
There is indeed fome difficulty in the experiment he fpeaks 
of^ but it cannot amount to a difcovery oi xim ina&rve 

force. 
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force, unlefs the body is examined independent of all a^ive 
forces ; which) I think, is not the cale ; and the reader, if 
he pleafes, may confider of it. 



On Chapter V. 

Page 44. 1. 21. Some other motions like to that of the 
two lamps may be coh<nved iii a dijSerent maimer. Fix a 
needle upon a pillar of gkfs or feaUng-wax four or five in- 
ches in length, and place a fmall wire upon it, pointed at 
each end, and bent into the fhapc exprefTed by jig. 2. of 
flate I. Let this little machine be fo placed, that you can 
elc^fy the iMafs cap in its center by fparics from a wire 
hangmg perpendicularly over it, but not touching it. If 
the inra-ument is well made, and the fire ftrongly commu- 
nicated, the wire will turn upon its centre as faft as the fly- 
ers of a commcm jack : and if the room be darkened, you 
will fee a ring kA light formed by the ele<9Tic aether as it 
ftreams from the points of the wire. 

This motion is fo far from being flopped or retarded by 
the refiftance of the circumambient medium, that there feems 
to be no better method of accounting for it, than by deriving 
it immediately from fuch a refiflance. The fire diverging 
from the points fbikes upon- the adjacent air ; while the air, 
readling againfl the ftreams of fire, or refifting them, gives a 
retrograde motion to the points of the wire ; jufl as a chair, 
if placed upon cafters, will run backwards, when the perfbn 
fitting in it pufhes againfl the wall with a flick. If the wall 
were out of his reach, his ftretching out the fHck would 
make no imprefEon upon the chair: and the flreams of fire 

• • will 
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will be equally infufficient to produce a motion in this ma- 
chine, if there be no air within the fphere of their a^ivity. 
To prove this, I made the three following experiments. 

Rxperimmt I. 

I fet the machine upon the pkte of my air-pump ; and 
having covered it with a large receiver, eledrified it by means 
of a wire pafling down to it through a collar of leathers. 
While the receiver remained full of air, the machine made 
its revolutions as well within the glais as it had done before 
in the open air. 

Exp. 11. 

The fame trial being made when the receiver was eX" 
haufted, no motion enfued. The room being made dark, 
the operation of the electrical machine was continued : . and 
it was now viable enough, tliat the two (beams, inftead of 
pafling off from the points in the form of a conical bruOi of 
rays with its axis parallel to the horizon, went perpendicu- 
larly downwards in two parallel lines to the brafs plate of 
the air-pump : and it was utterly ihapofUble that the iioe 
thus perpendicularly diret^ed (Jbad there been no other rea- 
fbn for it) fhould occaiion an horizontal motion in the ma« 
chine. 

Exp, III. 

I N order to try whedier the fire, moving horisamtally in 
the exhaufled receiver, would have any better ei^sdl; I 
placed a ring of brafs wire within the veflel, and fixed it at 
fuch an height, that it coincided with the plane of the in- 
tended motion. The machine being again eledbified under 

thefe 
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thcfe circumflances, the fire did now appear to iflue hori- 
zontally from the points toward the brafs ring, and thence 
it went down to the plate at the bottom, by means of fome 
other fmall wires added for that purpofe. But notwithftand- 
ing all this, the points of the machine were ftationary. 

Reflexions. 

• I. Th e dreams of firie do not fall down to the plate by 
their gravity y as two ftreams of water might be made to do 
from two orifices in the ends of a fmall horizontal pipe ; 
for then the velocity with which they iffue from the points 
{hould occafion them to defcribe a parabola, whereas they 
dcfcribe two ftrait lines; therefore they are carried down, 
not by the force of gravity, but by a prcffure of another 
kind which operates in what we call a vacuum. 

2. As the rays of the eledric aether do not pais off from 
the points in a conical form when the machine is placed in 
vacuo, but in a perpendicular line; it is certain that the 
particles of fire do not recede from each other fb much when 
the air is abfent, as when it is prefent ; therefcwe they do not 
recede from one anotHer by any inherent repulfive power : 
for were they indued with fuch a power, they would be 
more at liberty to exert it when the prefTure of the atmo- 
fphere is taken away, and ought to diverge moji where they 
are found by experiment to diverge leajly that is, in an ex- 
haufted receiver. 

3. The continuance of motion in any fpace doth not in- 
fer the neceility of a vacuum. The contrary to this is fo 
true, that a variety of motions may be exhibited, for the 
producing of M^ich, the prefence of a refifling medium is 
abfblutely requifite. We have one inflance of it in this ex- 
periment ; 
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periment ; and as the analogy I would here point out to the 
reader is a thing of no fmall moment, let me defire him to 
confider attentively with him (elf, that if the glafs globe 
which we here make ufe of as a promptuary or fountain- 
head of elementary fire, were to fend forth its ftore in the 
ordinary courfe of nature, as the globe of the fun doth fend 
forth its light ; the motion of this machine would be perpe- 
tual, not only in theory, but in praftice. 

Th E fame may be faid of die revolution of the two 
lamps, in the inftrument defcribed at p. 44 : for the mo- 
tion of thoie lamps would be perpetual, were their light as 
perpetual as that of the fun is. 

There is another experiment, which I have frequently 
performed with much pleafure, and never without exciting 
fome degree of admiration in thofe who have beheld it. A 
fmall light bubble of glais being laid on a polifhed plate of 
metal, upon which a br^ ring (of about half a foot in dia- 
meter) is fb placed, as to be conveniently eledrified without 
eledrifying the plate at the fame time; the little fphere of 
glafs will defcribe an orbit about the ring, and will turn at 
the fame time about its own axis, the poles of its rotation 
being nearly at right angles to the plane of its orbit. Here 
again, if the emiflion of light from the eledrical globe were 
as conftant as the fupplies from the fun to the planets, the 
motion of this Iphere would refemble the motion of the 
earth as nearly in its perpetuity, as it doth in fome other re- 
ipeds. 

In all thefe inftances,' a refifting medium does not hinder 
motion, but adually promotes, it, and is one of the imme- 
diate caufes of it : and were thefe little experiments as ade- 
quate to the greater phoenomena of the univerfe as they are 
analogous to them, would render the motion perpetual. An 

K k hypo- 
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hypothetical train of reafbning might lead us to cxmclude, 
that if Icfs matter were in the fpace, the motion would be 
more free, and continue much longer : upon the fuppoied 
jlrength of which conclufion, (if a little geometry were in* 
terwoven with, it ) we might think it neceflary to get rid of 
the air and of aU fenfibie matter \ and then we fhould alfo 
get rid of the caufes of motion. In a word, the fads now 
before us fhew how much we (bould lofe by the application 
taf this unphilolbphicai method ; which would promote the 
^cceis of thefe experiments, juft as much as we (hould en- 
able a man to run fafter, were we to rid him of the incum* 
brance of his boots and fpurs by cutting off his legs. 

I thtn^ it hardly neceflary to obferve, as. the thing is lb 
^obvious, that although the mode of operation in each of 
thefe experiments is very different, yet the effeds in all c£ 
diem are dedudble from the fame caufes, fire and air, or- 
dained in a wonderful manner to ox^rate with each other. 



On Chap. VI. 

Page 49. 1. 2 &c. It hath been hinged to me by a learn- 
ed friend who faw this chapter in manufcript, that the geo- 
metrical aigument of Dr. Keil^ though it makes but an in- 
different figure in the manner he hath flated it, may never- 
thelefs be applied to demonftrate an interjiitial vacuum be- 
tween the parts of bodies. And thus much indeed it may 
warrant us to affirm, that if the worid is filled with an ho- 
mogeneous matter, all the particles of which are exad 
fpheres, of equal fizes, and all of them in contad ; an in- 
terftitial vacuum muft be the confequence : and the ratio of 

the 
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the full ipace to the empty Q>ace, will be as the iolid content 
of a fphere, to the difference between that and the content of 
a cube of the iame diameter. But then, how many iuppofi'»- 
tions is it neceiTary to make, before the way is clear to fuch 
a conclufion ? and when we have attained it, it leaves my 
argument but where \t found it. For unlefs thefe homoge-- 
neous {pheres are out of contaSiy (the contrary to which is 
fuppofed in the demonfiration ) a motion propagated amongil 
them will be mechanical \ and that is all I am contending 
for. But fuch mathematical reafonings are all c^ them wide 
of the purpoie, only tempting us to ramble from the real 
merits of the caqie, and to multiply words without know* 
lege ; an obiervation which ought to be as . freely applied to 
what I have hitherto faid in anfwer to the demonftration, as 
to the demonftration itfelf. If we leave geometry to take its 
chance, and make a tranfition to reafon and obfervation, it 
will be hard enough to fhew, that within the whole created 
fyftem of the world there is any (pace capable of holding a 
particle of matter, which has not fuch a particle in it. A 
fubtil fubftance, (that of fire or light) not to be excluded 
by the furfaces of the moft folid body, is in perpetual agi- 
tation, and ready, as experience teaches, to find its way into 
every channel capable of, receiving it. It has likewife been 
proved above, that between the particles of this fubftance 
there is no repuljhe power to keep them at a diftance from 
each other : and as Sir IJaac Nfwton hath given us ibme 
fine experiments in his treatife of optics^ whence it is highly 
probable that even the particles of light are of various fizes ; 
they will on th^t account fill up any given /pace the more 
compleatly % and the interftitidl vacuities, if they can be call- 
ed fuch, will vaniOii into fom^thing not worth regarding, 
becauie it is impoilible to be conceived, unlefs the imagi- 

K k 2 nation 
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nation fhould put a trick upon itfelf ; which, I believe, is 
fometimes the cafe, when it is contemplating fuch obje<fts as 
are beyond its reach. If we keep within the limits of our 
underftanding, and attend to nature itfelf as it is difplayed 
before our eyes, we may exprefs both fafely and truly all 
that is neceflary to be affirmed upon this occafion, in the 
following words, taken from the difcourfe of Tinueus Locrus 
the Pythagorean — riup jmm m a^ la,? M'^o/jui^hcu a^ it^rxm wju^ 

cufp 71 (Ttcb Ton eiMtfy ^o tw^o6' t;^p h J'lA mi ycii, Aimrm «^' en Ti^Ytfin 
am, Vi'a oieveov (vm^iTn/nzt — '* i^/W, 6y reafon of its fubtilty^ 

penetrates into all things j air into all the other elements y ex- 
cept fire ; and water into earth : fi) that the world is full of 
matter^ and there is no vacuum left in it." N. B. This dif- 
courfe is fubjoined to Plato s Timaus ; or it may be found in 
Gale's opufcula mythological 



On Book III. Chap. II. 



An addition to the note at page 136. 

AS I have here dropped an hint concerning the danger 
which is to be apprehended from ele&ricity ; it may 
not be amifs to give fbme fhort account of its good effeSls^ 
fb far as they have fallen under my own obfervation. 

A girl 
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A girl of about 1 2 years of age, the daughter of a (hep- 
herd in this parifh of tVadenho in Northamptonjhirey having 
frequently expofed herfelf in the field to bad weather, was 
afflided, in the beginning of the fpring 1761, with flying 
pains in her limbs, foon followed by an hemiplegia^ or Aroke 
of the pally, which feized her fuddenly as {he was at work, 
and deprived her of the ufe of her limbs on the right fide, 
fo that {he was unable to ftir from her chair, and was car- 
ried up and down {lairs in it, to and from bed, by her fa- 
ther and mother. She complained alfo of a fixed pain to- 
ward the bottom of the fpine, which became fo violent, that, 
when in bed, (he could re{l in no pollure but only with her 
face downward. 

To remove this ly mptom, a blifter, to be laid near the 
part, was recommended by a phyfician, a friend of mine, 
who happened to vifit me while the girl was in this mifer- 
able condition. It had the defired efFe6l, and removed this 
pain in a day or two ; but her limbs on the right fide were 
flill as ufelefs as before, and fb invincibly cold, that her 
mother was employed many times in a day in rubbing them 
with hot flannels. 

Th e blifter was continued under the form of a perpetual 
blijler : but I found, after fome trial, that no farther benefit 
was to be expe<fted from it ; and having but little hope from 
the ufe of any internal medicines, I relblved to eledrify her ; 
to which her parents readily confented, and brought her to 
me in a chair for this purpofe. The {hock was given after 
the common method \ only I endeavoured to adminifter it 
in fuch a manner, that the fire, upon its difcharge, fhould 
follow the courfe of the nerves ( from the top of the {pine 
downwards) throughout the whole fide that was affed^ed. 
After two or three flrokes, of which {he complained but 

little 
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little though they were very fevere ; I enquired, whether (he 
perceived any warmth or tingling in her limbs? to which 
fhe anfwered in the affirmative. When (he had received a- 
bout half a dozen ftrokes, I difmiiled her, ordering her pa- 
rents to wrap her up warm in bed immediately and bring her 
to me again in a day or two. 

At her next appearance, fhe was much altered for the 
better : inftead of that cold and numbneis (he had before 
complained of, her limbs had a glowing warqith in them 
from the time fhe had left me; and this was. followed by a . 
profuie fweating, ■ which came oa fbon after £he was put to 
bed, and continued for about two days after the firfl opera- 
tion. There was likewile a copious difcharge from the blif- 
ter, which for fome days before had produced no eff&St, and 
was in a manner dried up. 

After the ficond operation fhe continued to mend. 
After the fourth^ (he went by herfelf upon crutches to a 
neighbour's houie at fbme little diftance. At this time, thie 
(hocks began to hurt her fo much as to make her fhed tears ; 
a plain proof, that her limbs had now in a great meafure 
recovered their fenfibility. 

After the fixth operation, (he was able to walk up a 
fteep hill to church, without any aflifUnce even from fi 
walking flick : and during this whole courfe, no medicines 
of any kind were adminiflred. Some weaknefs did ftill re- 
main, which eledricity would not remove ; therefore I rcjr 
commended the ufe of the cold bath, by the help (^ which 
fhe fbon recovered her fbength, and is now able to work fqr 
a livelihood nearly as well as before, except that her leg on 
the right fide is fbmewhat fhorter than the other, which as 
fhe walks does neceflarily occafion her to fink a little on 
that fide. 

After 
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APTEa a time, (he was much troubled with an inflam- 
mation in her eyes ; and there appeared to be Ibnie violent 
humours afloat in the habit, owing (as I fuppofe) to a tranf- 
ktion of the morbid matter from the nerves to the blood- 
veflcls. i had recourle to fome of the methods commonly 
^plied to upon fuch occsiGons : and though the humour 
m her eyes is not abfolutely cured, it is (6 far correded as 
to give but little troulde, and I think fhe will by degrees 
entirely get the better of it. 

As this cafe feems to be a remarkable one, I have given 
a circumflantial account of it ; and the reader may depend 
upon the truth of all the particulars^ none of which (to the 
bcft of my knowlege) are in any degree di(guifed or exag- 
gcratsed. 

I have had other opportunities of trying the power of elec- 
tricity : and though it ought not to be haftily cried up as a cure 
for all diieafes, which hath been the misfortune of many an 
u&fol remedy, fbme there certainly are, to which it may 
be applied with a profpe£t of fuccds ; and I could be glad 
to iee its ufefulne^ properly aicertained, and difcreetly li- 
mited, by fbme candid and judicious gentleman of the fa- 
culty. From what has appeared to me within my own little 
fphere, I believe it may be of mvtth fervicc m pains of the 
rheufnaiifm^ and paralytic affe&ionsy where they are recent, 
and the patient not too far advanced in years. Some of the 
principal difbrders arifing from obfiruBions might find great 
help ^om it, if they are taken in time : and it might be 
worth while to try whether it would not flop the progrels 
of a gutta ferenoy or of any other difbrder that may be re- 
ferred to this clafs, which is a very numerous one. For ex- 
perience teaches, that it will put the matter of the difealc 
in motion, and powerfully promote a diaphorefis : but it 

may 
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may require the*fkill of a regular phyfician, and fbme auxi- 
liaries from medicine, to clear the body properly of the dif- 
eafe, and bring it to an happy iffue. 

Its greateft efficacy, I think, will be found in removing 
(and that in a very fmall fpace of time) all fpafms or cramps, 
particularly fuch as proceed from any fudden cold upon the 
the external parts. And it feems highly probable, that in the 
moft extreme cafes of this kind immediate relief might be 
expedted from it, even in that dreadful fpafm which afFe6ts 
the mufcles of the back or breaft, and is fo common both 
in the eaji and weji-indies. Bontius^ in his Hiji. Nat. &^ 
Med. Ind. Orient, p. i8. gives this defcription of it — Tarn 
repent inus ^ fubitus eji aliquando ejus ^ impetus &c. This 
difeafe is fometimes fo fudden and violent^ that men are feized 
with it in a moment^ and become as rigid as a Jiatue ; the 
mufcles in the anterior or pojierior part of the body being con- 
trasted towards their origin \ by which means the patient is 
bent either backward or forward^ and fixed in one pojiure or 
the other ^ as the affe&ed mufcles are ftuated. A Jhocking 
dijiemper this is indeed I which in the fpace of four and twenty 
hours will carry off thofe who are affliSied with it in extreme 
agony y while the internal or vital parts are perfeBly found 
and in their natural fate. The mifery of thefe poor creatures 
has a ghajily effeEt upon their countenances ; efpecially if the 
diforder be attended (as it frequently is) with the cynic ^afin 
or dog-like convulfion, by which both the cheeks are drawn 
afide toward the ears. The face is red^ the eyes are livid j 
the teeth grate together ; and in/lead of their natural voice^ 
they utter a Jirange noife^ as if they were fpeaking from a 
cave under the ground : infomuch that perfons unacquainted 
with the cafe would aEiually take them for dcemoniacs. 

Piso, 
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Pi so, who has written a natural hiftory of the w^-indiesy 
tells us the difeafe is generally owing to this caufe — quod 
inter diu madidi ac fudore €ejit£ante^y ab ingruente no&urno 
frigorefibi non cavent — ** that they who have been thrown 
** into violent fweats by the heat and labour of the day, 
" will afterwards too careleflly expofe themfelves to the cold 
*'air of the night." He obferves likewife, that on fome 
occafions the teeth ^e clofed fo fall, that it is neceflary to 
break open the mouth with a probe of iron ; and when this 
is done, the patient is perhaps utterly incapable of fwallow- 
ing ; fb that nothing can be adminiftered by the mouth to 
give him any help. 

That an eledlrical operation might remove the caufe 
even of this diftemper, how frightful foever its fymptpms 
may be, I was induced to believe, firft, by the following 
accident. A few months ago, one of my maid-iervants, by 
taking fome cold in the night, arofe in the morning with 
that fpafm which is commonly called a crick in the neck ; 
fo violent, that her head was drawn afide toward one fhoul- 
der, and could not be ftirred any way without cauflng an 
acute pain. I ordered her to place herfelf upon a ftand fup- 
ported by feet of glais, with a defign to eledlrify her ; and 
defrred a perfon prefent to draw fparks with a finger from 
the point where the greatefl pain was felt when fhe at- 
tempted to move her head. By this means, in a minute or 
two, her head came nearer to the perpendicular, and by 
continuing the operation, was very foon reftored to its na- 
tural pofition. Some fbrenefs remained in the part; but 
that was eafily removed by keeping her neck warm. All 
the fparks that were drawn upon this occafion raifed fo ma- 
ny little red puftules or bliflers ; which I think is not ufual 
if the part be in an healthy flate. 

LI This 
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This complaint, though Icfs in degree, is the (ame in 
fpecie with that above-mentioned ; and is fometimes of bad 
confequence, as it hath been known to be fixed upon a per- 
fon for feveral years by being improperly treated at firft. 
Now if eledricity can give fuch immediate relief in one of 
thefe cafes, much might be expeded from it in the other. 
And the probability of this will farther appear, if we con- 
fider the ordinary methods of cure^ which are the fame in 
intention with thofe prefcribed by Hippacratesy and thefe 
are, bleeding, fridion, fudorifics ( if they can be admini- 
flercd ) and anointing the patient externally with the effcnr 
tial aromatic oils, as of cloves, mace, oil of turpentine &c. 
for thefe oils are but fo many vehicles of elementary fire. 
And would not the agent itfdf, unincumbred with the ve- 
hicle, and paillng inilantaneoufly through all the moft mi- 
nute duds of the part afEedted, produce the defired efFed 
with much greater fpeed and efficacy, with kis trouble, and 
equal fafety ? 

The force of the eledrical fire is principally exerted up- 
on the nerves and tendons of the body : whence there is 
reafon enough to believe, that this fluid is the fame widi 
that fomething which learned phyficians have fo much dif^ 
courfed upon under the. name oi animal fpir its. The nerves 
do not appear as if they were defigned to admit within them 
any animal-fluid or liquor, unlefs it be an indolent lymph 
which is neceflary to keep them moifl : but their pellucidity 
indicates that they are properly adapted to give a dired 
palTage to the fluid of light ; for they are tranlparent, and 
that not tranfverfely, but longitudinally, or in the direction 
of their fibres. I once obferved this accidentally, as fome 
eyes of fheep and oxen, which I had procured in order to 
difled them, were lying before me upcMi my table. One 

of 
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of thefe eyes Jhone in the day-time, -much in the fame man- 
ner as the eyes of fome animals do in the dark. Not being 
able to account for this, I endeavoured to examine the faft 
as narrowly as I could ; and at length perceived, that if my 
hand were interpofed between the neareft window and the 
extremity of the- optic nerve ( a part of which, nearly an inch 
in length, remained with the eye, and was accidentally pointed 
toward the window) the light immediately difappeared. 

This led me to confider, whether the light that appears 
in the eyes of fome animals in the night time, is really a rt" 
flexion of light from the eye, as is commonly fuppofed ; or 
whether it does not rather pafs into the eye, through the 
optic nerve, from the body of the animal ? Dr. Willis calls 
It jubar infitum \ and, for my own part, I cannot conceive 
how" this fhining can be occafioned by a reflexion of light 
from the choroides in the bottom of the eye, when the light 
to be refle<9:ed (as in a dark night) is not vifible before its 
entrance into the eye. 

Ira candle be held before the eyes of a dog, and you 
place yourfelf in the line of reflexion, the light will be vi- 
fibly refleded from his eyes, becaufe the illumination is fuf- 
ficiently flrong : but when there is no vifible illumination 
at all, how fhould it account for the like effed ? whence it 
is more reafonable that this appearance ihould be owing to 
a light from within the body of the animal, which being 
weaker than the light of the day, but ftronger than the light 
of the night, is vifible in the night and not in the day. 
The light of thofe other bodies which fliine in the dark, is 
inherent in the bodies themfelvcs ; as in putrifying veal, fi(h, 
rotten wood, phoj^horus, the glow-worm &c. concerning 
the laft of which, that eminent anatomift and philofopher 
T, BarthUne hath this oblervation — Habem Hits (cicindelee) 
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fi examinentur^ lucidum ftutnorem in pofteriore parte corpuf- 
culi^ ubi cor latet^ quo movetur cor &^ illuminatur y tamdiu 
fplendore fuo relucentemy quamdiu cor vivit &^ movetur. Si 
tarn patulum oculis nojiris ejfet peSius animaliumy quant ci-- 
cindelce tranjparens corpufculum^ forfan non abjimile lumen in 
corde apparerety quod extinguitur quamprimum externo aeri 
patet. &c. ^^ If a glow-worm be fxaminedy it will appear 
to have a lucid liquor in the hinder part of its body where the 
heart is placed^ by which the heart is moved and illuminated ; 
and this fluid retains its light y fo long as the heart of the in-- 
feEi retains its life and motion. Were the breafis of animals 
as pervious to the fight as the tranfparent body of the glow-- 
wormy perhaps a light y analogous to thisy might appear about 
the region of the hearty which light is extinguifhed the moment 
it is expofed to the open air^ T. Barthol. Epift, de fkmmula 
cordis, p. 4. 



On Chap. III. 

An addition to the note at page 153 — 154. 

SPEAKING of the force that is exerted in the experi- 
ments on artificial freezings I have called it a force *" 
which art would find it difficult to meafiire. Such I then 
imagined it to be, and contented myielf with relating an 

experi- 
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experiment, from which it could only be gueffed at in the 
groffeft manner. But being defirous of obtaining fbme cer- 
tainty in an affair which deferves a deeper examination, I 
contrived a way, this laft winter, of meafuring this force to 
a fufficient degree of exadtnefs. 

I ^ade ufe of the box already defcribed in the foregoing 
part of this note. It was filled as before with water purged 
of its air\ and being covered, but not fcrewed down, it 
was placed upon an oaken pedeAal, which had for its bafe 
a flat hewn ftone of about a foot fquare. The fhorter arm 
of a very flxong lever was made to prefs upon the top of it ; 
and this lever was compounded with two others, by which 
the power of it was greatly increafed. At the extremity of 
the longer arm of the moft remote lever, a cord was faft- 
ened, which ran over a pulley, and had a weight of 2 8 lb. 
hanging at the end of it. This weight, acting as a mecha- 
nical power, made the fhorter arm of the firfl-mentioned 
lever prefs down the cover of the box with a certain force, 
which, according to .the general law of all mechanics, was 
to the 28 lb. at the end of the line, as the /pace moved, 
through by the power , to the /pace moved through in the fame 
time by the weight : but thefe fpaces being compared with 
each other, I found that the • greater was to the lefler as 8 2 
-to I . So that if we multiply 28 by 82 the product will be 
22961b. to which fomething muft be added for the fric- 
tion of the machine, though I took what care I could to 
render its motion as true and eafy as pofUble. While the 
cover of the box was prcflcd down by fo great a weight, 
the water inclofed within it was made to freeze ; and the 
agent by which th& water was congealed did fairly ov»- 
come the whole force of the machine. 

Though 
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Though this experiment fucceeded fo far as to give mt 
the fatisfaftion I wanted, it was interrupted by an accident 
I did not look for. When the water began to jfreeze, and 
the cover of the box to be raifed up from the rim, I per- 
ceived that the ground yielded under the preflure, and that 
the flat ftone which ferved as a bafis to the pedeflal was 
funk a little below its firft pofition. By this means the force 
was at firft fpent upon the ground, and did not take place 
in the machine, till the ground would no longer give way. 
It was, however, fo fenfibly perceived in the machine like- 
wife, as to prove that this force was at leaft fuperior to ong 
tony two hundred and ninety fix pounds, HoW much greater 
it may prove to be, I cannot as yet affirm ; though I bc^ 
lieve my apparatus would aniwer the purpofe if it were re-* 
quired to purfue the experiment to the bottom. But therd 
dre fo many circumftances to be nicely attended to in ordc^ 
to make it fucceed, and fo much time and trouUe to be be- 
ftowed upon it out of doors in cold weather, that my pa- 
tience was wearied out, for this winter at leaft, by a fingl<i 
attempt. 

Thi cavity of the box, as I find by gauging it, contains 
5 cubic inches and ~. Water when it freezes commonly 
increafes in its bulk by i of the whole : therefore the (pacd 
occupied by the aether which exerted all this force upon the 
machine, was equal only to about ^^ of a cubic inch. And 
hence it will appear by a calculation, not worth particulari- 
zing, that the force of this aether (even in this experiment^ 
which undoubtedly falls very far fhort of the whole truth) 
was about two hundred and feuenty three times greater than 
the ordinary prejfure of the atmofpbere, 

t 
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M R. B, Rohim^ the engbeer, found by feveral 
experiments, that the force of fired gunpowder is about 
1 000 tun^ greater than the preiTure of the atmofphere : 
and the foroe of that agent which confoHdates water into 
ice, may be found equal to it, for ought that has yet ap- 
peared to the contrary. We do not wonder at the power of 
fire., when it ads with a vehement degree of heat, altho* 
ils elFe^ are io gneat that nothing can withftand it, as in 
gunpowder, aod in the engine for draining mines by the 
ilcam of boiling water. But here we have the feme fub- 
ftance ( for the water was perfedly cleared of its air) cx- 
lerting a moft ailoni/hing force, even when reduced to the 
fiemperajCure oi ke^ and we may judge from the phoeno- 
unena iaif^eoAermg hdUs^ that this force will be greateft when 
the cold is greateft. 

The expanfion occafloned by heat, and this expanfion of 
water by froft, are certainly not to be accounted for in the 
fame manner. My own opinion, which I readily fubmit to 
the judgment of otho-s, is this — that the force of heat arifes 
from a vehement motion and vibration of the particles of fire ; 
whereas this cold force^ like the fhock in eleftricity,- doth 
not proceed from elementary fire as it gives heat, but as it 
refiores an equilibrium which by fome means hath been in- 
terrupted. 

Th I s diftinftion I would fupport, by giving an infi;ance 
of fomething fimilar to it in the element of air, which a<fts 
in two feverai capacities, viz, as w/W, and z& found, corr* 
refponding refpe<liively with thofe two different operations 
of fire. Sound arifes from a vibration or ufidulatory motion 
of the parts of air ; whereas wind rufhes into a more rarefied 
fpace to reftore an equilibrium. And what is very wonderful, 
and very true, though it be hard enough to conceive, thefe 

two 
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two operations will either meet or crols without diAurbing 
one another. If a great gun be fired two or three miles off 
to the eajifmrd^ and the wind blows hard at the &me time 
from the im/hvardy the found will arrive in the fame fpace 
of time as if its motion had concurred with the motion of 
the wind. In fome degree, the fame thing is obfervablc 
everf in fuch a fluid as water ; one ftream of which, if it 
moves fwiftly over a fmooth bottom, will crofs many others 
nearly at the fame angle, and appear to have fuffered little 
or nothing from them, as I have frequently obferved with 
fbme furprize. 

These confidcrations will enable us to fee in a proper 
light the following experiment, to which I have alluded at 
^.134. /. ig. though I did not think it neceflary to men~ 
tion it in that place. 

I F an iron bar of fome length be heated red hot in the 
middle, and you eled:rify it at one end, a fparkof the elec- 
tric aether may be drawn from the other. Sudi philofophers 
as do not carefully diflinguifh between the motions of fluids 
and thofe of folid mafles, will aik us how this can be, if 
fire and the eledric aether are fuppofed to be the fame 
thing? Here is elementary fire going off in a ftream at 
right angles to the axis of the bar ; while the eledric aether 
can go ftrait from one end to the other, without being ab- 
forbed, diflipated, and carried off in the common dream at 
the place which is red hot, or without being objiru&ed in 
its paffage by a fluid of the fame kindy as there is reafon to 
believe it would be. But indeed there is not the leaft reafon 
to believe this, as the parallel now before us will plainly 
demonftrate. For when a cannon is fired off, the air is 
thrown into fubtil waves, fpreading themfelves very fwiftly 
throughout a circular fpace, of which the fonorous body is 

the 
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the centre. But a ftrong wind will blow acrofs this (pace, 
even through the centre of it, without being flopped itfelf, 
and without retarding the motion of the found. How un- 
philofbphical would it be to argue from this obfervation, 
that the element which brings found to the ear, and the air 
which blows acrols it as a wind, are two different fluids ? 
Who will venture to fay, that the current of wind or the 
waves of found ought to be obJlruSied by a fluid of the fame 
hndy feeing all this is falfe by experience ? And if in the 
air two fuch effeds can be produced without any confider- 
able diflurbance, and may conflfl well with each other 
though they are apparently oppofite and inconflftent ; how 
much more will they conflfl in the element oifircy the fub- 
tilty of which will admit of a greater variety of motions, 
all of them more perfed: in their kind, as fire is more fub- 
til than air. 

This experiment may alfo be rightly underflood only by 
confidering what effeA the freffure of the air will have on 
the furface of the iron bar. For if the part that is red-hot 
could by any contrivance be included in a {pace exhaufled 
of air, the fire would be diflipated, and the bar would grow 
cold much fooner there than in the open air. Now the lame 
prefliire which will fuffer the fire to elcape but flowly, and in 
a certain furplufage, under the form of heat^ doth alfo fupprefs 
and keep in the ele&rical current^ fo that it fliall go fi-eely 
from one end of the bar to the other without being difli- 
pated ; whereas this, together with the heat, would be difli- 
pated in an exhaufled fpace as fafl as it could be infufed. 
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On Book IV. C h a p. I. 

PAGE iSS. J. 6. Sec. Men of learning have been divided 
in their fentiments concerning the optical knowlege of 
the ancients. Some are fo fwallowed up by an admiration 
of the difcoveries that have been made in the laft and in the 
prefent century, that they are tempted to pafs fentence up* 
oit the Hdil of the ancients, before they know what the 
ancients have faid for themfelves ; and they imagine there it 
abfolutely nothing to be faid on the oppoflte fide of the 
qud[lion but what arifes from an irrational attachment to 
the wi^om of antiquity. But, (etting apart all prejudice to 
one fide or the other, I ihali humbly oife a few fhort hints, 
only as an encouragement to fome farther examination xaf 
the fubje^, by thofe who have learning and leiiure enough 
to undertake it. 

That the andents were acquainted with the burning 
power of mirrors and glajfes is not difputed. M. Buffon dF 
Paris contrived a method fome few years ago of fetting deal 
boards on fire by the reflected rays of the fun, at the dif^ 
tance of 200 feet, merely by a proper application of a num- 
ber of plane looking>glaiIes : an ei^riment which did in a 
great meafure re-eflablifh the credit of what has been re- 
ported of Archimedes burning the fbips of the Remans at a 
confiderable didance from the walls df i5yr^*«^. See Phi/, 
TranfaEi. N°. 483. But although buming-glailes were known 
to the ancients, the moderns nave denied that they did ever 
obferve the power of glafs in magnifying obje<fts, afiirming 
that not the leafl hint of fuch a thing is to be found in any 
df their writings. How they could be poflefled of the art 

of 
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of glafs, and make a daily ufe of glafs veflels of all forts, 
without obferving that objeds appear larger through glafs 
that hath a (pherical furface, would to me^ I confefs, be 
hard enough to conceive, though there wCTe not a fingle 
pailage of antiquity that made any mention of it. But that 
the ancients did adiually obferve this, is clear from their own 
accounts. Seneca has thefe words — Poma per vitrum afpi- 
eientibus multo majora funt — or, as he exprefles it in an- 
other part of the fame book — Jl innatant vitro — " apples 
** appear greatly magnified to thofe who view them as they 
" fwim in a veffel of giafs" Nat, ^aiji. lib. I. cap, 6. 
This obfervation, it may be faid, if they went no farther, 
could not be applied to any uie ; the advantage that might 
be (Stained by immerging the leaf of a book into a veflei 
of water, in order to fee the letters fomewhat magnified, 
would never be worth the trouble. To read fmall letters 
with any tolerable convenience, either a portion of a fphere 
of folid glafs, or an hollow fphere of glafs £lled with water, 
mufl be placed between the objeft and the eye of the fpec- 
tator. The latter of thefe they certainly had in ufe, and 
applied them as dioptric burning-glafTes. That they could 
do this, and be ignorant of their magnifying power, would 
not be credible ; and the contrary is plainly afHrmed. Seneca 
obferves — Liter a quamvis minuta ^ obfcurte, per vitream 
pilam aqua plenaMy majores clariorefque cemuntur, " Lct- 
'* ters, though minute and obfcure, appear larger and clearer 
" through a glafs bubble filled with water." Ibid. qflp. 7. 
It is fcarce prolxtble that any curious mathematician, of 
whom there were many among the ancients, fhould have 
been familiar with fo important an experiment without go- 
ing farther : but how could this be done, unlefs they un- 
derflood the way of grinding glafs, fo as to icxia it into 
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portions of larger fpheres ? To do this (fays Dr. Hook) they 
mujl have known how to have wrought and ground their 
glajfes as we do ; whereas in all probability the ancients knew 
only how to blow their glajfes and make vejfels of it. See Dr. 
Smith\ Optics. Vol. II. p. 16. Art. 94 of the Remarks. 
But here Dr. Hook was under a miftake ; for the ancients 
gave a figure to their glafs, not by blowing only, as he has 
imagined, but by the three different methods in ufe with 
the moderns. Pliny defcribes the pradice of the ancient 
artifts in thefe words — Aliud fiatu jiguratur^ aliud TORNO 
TERITURy aliud argent i modo coelatur^ Sidone quondam 
iis officinis nobiliy fiquidem etiam fpecula excogitaverat. H(BC 
fuitANTI^A RATIO VITRL "Some glafs is fa- 
" fhioned by blowing ; fome is ground upon a wheel, or in 
" a turning-lath ; and fome is engraved like filvcr. Sidon 
" was celebrated for its glafs-works, having alfo invented 
^^ fpecula. Such was the ancient art of glafs." Nat. Hiji. 
lib. 36. cap. 26. In another place Pliny calls this city of 
the Phoenicians — Sidon artifex vitri. Lib. 5 . cap. 20. As 
to the words — fquidem etiam fpecula excogitaverat — I 
quote them as they ftand in the text of the variorum edi* 
tion ; but the fenfe of the author is not clear. He may 
poffibly mean more than we fhould exped : fpecula is a 
proper word to fignify telefcopes ; and excogitaverat muft 
allude to fome notable invention. But as we may fift out of 
a dark expreflion more than the author himfelf underftood 
by it, I dare not lay any great ftrefs upon it. 

That glafs 'w^'s ground by the ancients, may be proved 

from the writings of Seneca ; for how could a prifm of glafs 

be made by blowing f Yet fuch things were in ufe among 

the virtuoji of Rome in the days of Nero — Virgula folet 

fieri vitrets — pluribus angulis — hac fi ex tranfverfo folem 
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accipit^ colorem talentj qualis in arcu videri folety reddit. 
^^ A rod or bar of glafs (faith Seneca) is made, with fevcral 
^^ angles, which, if it receives the rays of the fun through 
*^ it, makes fuch colours as we fee in the Rainbow^ Nat. 
ilucefl. lib. I. cap. 7. And he fpeaks of multiplying glajfles, 
the feveral faces of which muft undoubtedly have been cut 
upon a wheel. Si aptk fabricata forety totidem redder et fo- 
lesj quot habuijfet infe&uras. Ibid. But there is one obser- 
vation I ought not to omit, viz. ihdit although Seneca fpeaks 
fo expreflly of the ufe of glafles, and mentions the refrac- 
tion of an oar in the water^ he does not feem to have any 
idea of the principles upon which thefe efFedls are brought 
to pafs. 

Spectacles are fuppofed to have been firil known about 
the latter end of the 13th century: but there is little doubt 
to be made that our famous countryman Friar Bacon was 
acquainted both with fpedacles and telefcopes before that 
time. Upon any other fuppofition, his own expreflions on 
the fubjedl are altogether unaccountable. And I am inclined 
to believe, that fome traces may be found of an earlier date. 
Amongft the adages ,oi Junius (publifhed in the fame vo- 
lume with thofe of EraJmusJ this fhort pafTagc is extradtcd 
from PiJidaSy a chrijiian writer who flourifhed at ^Conjlanti" 
nople in the 7th century — Ta ^eMovro a^ J^^t ^/sT^p^ (w HXi-Kt^^ 
" you fee things future as by a dioptrum^ What can this 
dioptrum be ? Muft we not underftand by it either a fpec- 
tacle-glafs or a profpeEiive-glafs ? We know of no other in- 
ftrumcnts whereby things indiftindt and at a diftanc'e may 
be feen as if they were near at hand. The art by which 
this is brought to pafs is plainly the fubjedl matter of the 
fimile. The author (Junius) in whom I accidentally met 

with 
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with this paflage, being himfelf ignorant of the telefcope, 
takes this dioptrum for the fights of a quadrant, or fomc 
other geometrical inftrument. But how can thefe fights 
(unlefs they are telefcopic ones) aiFord any relemblance to 
that prophetical fagacity in the mind, whereby it fees things 
as yet at a diflance ; to which nothing in the world can be 
fo nearly like, as that power df feeing diftant obje^s by the 
help of optical glaflcs. As to the plain fights of a quadrant 
&c. the eye is fo far from being aflifted by them when it 
views a diflant obje<%, that the chief difficulty an artift has 
to contend with, is that of making the accuracy of the line 
of collimation upon the inftrument confift with clear and 
diftin^ vifion. 

I T may feem ftrange indeed, that if dioptric glajfes were 
anciently in ufe, we fhould hear of them no oftener in the 
writings of the ancients. This may be hard to account for ; 
and yet it may be very unfafe to draw a pofitive conclufion 
from negative evidence. Friar Bacon mentions the refrac- 
tions of the fun's rays through a glafs fphere : but as he 
docs not fay totidem verbis that he ever viewed an objed 
through fuch a fphere, the learned Dr. Smith is of opinion 
(if I do not mifunderftand him) that he had no experience 
of its magnifying power. See Opticks, Vol. II. p. 21. R. 
And had Seneca deferibed his glafe ball filled with water 
only as a burning glafs, this might have tempted us to ar- 
gue, that he knew nothing of its ufe in magnifying letters : 
only he happens to have precluded fuch a conjecture by de- 
claring the contrary. He might know more than he has 
Ipoken of : the mathematidans and workers in glafs of thofe 
days might know more than he did : and the ancient Greeks 
and Phoenicians might know more than the Latins : but the 

accounts 
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accounts wc have of many ancient works of art are fo aiuch 
broken by the injuries of time, the ambiguities of language, 
the fucceeding interefts of different feds of philofophers, 
and the barbarifm of the intermediate ages, that it muft 
now be very difficult to eftablifli this fuppofition by fo many 
and clear proofs as ought to be deemed fatisfadory. 

I F we (hould argue by inference^ the cafe will be a little 
ditered. The cabinets of the curious are faid to contain 
ibme very ancient gems of admirable workmanfhip, the fi- 
gures upon which are fo fmall, that they appear beautiful 
through a magnifying glafs, but altogether indiftind and 
confufed to the naked eye. And if they cannot be viewed, 
liow could they be wrought without the affiftance of glaflcs ? 
How could it be known, that the moon has a form like to 
that of the earth ; that it has plains, hills and vallies in it ? 
When it is feen through a telefcope, the difpoiition of the 
lights and fhadows render this very evident upon the com- 
mon rules of perfpedive ; but no fuch thing appears to the 
naked eye. How could it be known, that the via laEiea 
arifes from the combined rays of an infinite number of fmall 
ftars? How came, the true folar fyftem to have been fo well 
known and defcribed by the moft eminent philofophers of 
antiquity ; when the beft, and indeed the only decifive proofs 
of it muft be derived from the telefcope ? But above ally 
how came it to be afferted (as we have already feen at p. 192) 
that the/phere of the fixed Jiars is Jo immenfcy that the circU 
of the earth's annual orb bears no greater a proportion to it 
than the centre of any Jphere bears to its whole fur face V 
This does fo far exceed the comprehenfion of the humaa 
mind, that it is now the moft indigeftible truth in the mo- 
dern aftronomy j and never was afferted fince the revival of 
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the Pythagorean fcheme, till Dr. Bradley^ by a courfe of 
the moft accurate obfervations that ever were made with a 
telefcopic apparatus ^ reduced the annual parallax of the fixt 
ftars to an infenfible quantity. 

Many ingenious men, and fome good mathematicians 
who never defcended to tlie pradical part of aftronomy, arc 
ready to fufped the truth of all fuch conclufions in the fci- 
ence as depend upon the meafuring of angles to a very few 
Jecond, minutes of a degree. But for my own part, though 
I would not be bound to follow the f peculations of every 
modern aftronomer, I am not difpofed to queftion the truth 
of any aftronomical difcoveries pretended to by fo great a 
mafter of the fcience as Dr. Bradley^ furnifhed as he is too 
with the fineft inftruments in the world : and I think I can 
guefs very nearly at the degree of exadnefs that may be at- 
tained, by what I have been able to learn in thiis way from 
my own experience. I beftowed fome pains in contriving 
and executing an inftrument of a large radius, with telefco- 
pic fights &c. which in the miny obfervations I have made 
with it, has far exceeded my firft expedations. In June 
1 761 I had an opportunity (which I had long defired) of 
obferving the obliquity of the ecliptic ; and knew I could fo 
far depend upon the obfervation, when compared with that 
of Mr. Flamjieed and fome others, as to be morally certain 
that this obliquity is not fo great at prefent, by about one 
minute of a degree, as it was an hundred years ago. I tranf- 
mitted the refult of my obfervation to a learned gentleman, 
eminently fkilled in aftronomical ftudies, who has very lately 
informed me, that it differs only 2"^ from the obliquity at 
that time as determined by Dr. Bradley. 

These 
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These few reflexions on the optical knowlege of the an-, 
cients I have thrown haftily together, merely as an eflay, to 
be carried farther ( if it is worth it ) by thofe who are more 
advantageoufly fituated for fuch an employment. My read- 
ing is fo circumfcribed by the books in my own ftudy, that 
I have no opportunity of going any deeper into this afiair 
at prefent : nor have I any intereft on one fide of the quef- 
tion or the other. As the ancients were in pofleflion of 
much valuable truth, and have delivered down to us the bbft 
elements, and fome of the higheft conclufions, in almoft 
every fcience ; it is a piece of juftice due to them from all 
men of letters, never to pronounce upon them from their 
own prejudices ; but to obtain what light they can by a 
peru&l of their writings : an employment which will be 
attended with more pleafure and iatisfadtion, and turn aUb 
to a much better account, than the taking up of an opi- 
nion upon truft from any modern writer whatfoever. 
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